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Summary of findings {#CD006495-sec1-0001}
===================

###### Resistance testing versus no resistance testing in HIV‐positive people

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------- ------------------------------------------- -------------------------------------- -------------------------------------------- ---------------------------------------------------------------------------- ---------------------------------------------------------------------------------
  **Resistance testing versus no resistance testing in HIV‐positive people**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  **Patient or population:** HIV‐positive people  **Setting:** all settings  **Intervention:** resistance testing  **Comparison:** no resistance testing                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

  **Outcomes**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           **Anticipated absolute effects\* (95% CI)**   **Relative effect  (95% CI)**               **Number of participants  (trials)**   **Certainty of the evidence  (GRADE)**       **Comments**                                                                 

  **Risk with no resistance testing**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    **Risk with resistance testing**                                                                                                                                                                                                                           

  Mortality                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Study population                              OR 0.89  (0.36 to 2.22)                     1140  (5 RCTs)                         ⊕⊕⊕⊝  MODERATE^a,b,c^\                       Resistance testing probably has little or no impact on mortality             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          *Due to imprecision*                                                                                                      

  22 per 1000                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            20 per 1000  (8 to 47)                                                                                                                                                                                                                                     

  Virological failure                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    Study population                              OR 0.70  (0.56 to 0.87)                     1728  (10 RCTs)                        ⊕⊕⊝⊝  LOW^a,d,e,f^\                          Resistance testing may reduce the risk of virological failure                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          *Due to risk of bias and publication bias*                                                                                

  660 per 1000                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           576 per 1000  (521 to 628)                                                                                                                                                                                                                                 

  Change in CD4 cell count                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Mean change in CD4 cell count was 0.          MD 1 lower  (12.49 lower to 10.5 higher)    ‐                                      1349  (7 RCTs)                               ⊕⊕⊕⊝  MODERATE^a,d^\                                                         Resistance testing probably has little or no effect on change in CD4 cell count
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       *Due to risk of bias*                                                        

  Progression to AIDS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    Study population                              OR 0.64  (0.31 to 1.29)                     809  (3 RCTs)                          ⊕⊕⊕⊝  MODERATE^g^\                           Resistance testing probably has little or no impact on progression to AIDS   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          *Due to indirectness*                                                                                                     

  67 per 1000                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            44 per 1000  (22 to 85)                                                                                                                                                                                                                                    

  Adverse events                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Study population                              OR 0.89  (0.51 to 1.55)                     808  (4 RCTs)                          ⊕⊕⊝⊝  LOW^h,i^\                              Resistance testing may have little or no effect on adverse effects           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          *Due to risk of bias and indirectness*                                                                                    

  74 per 1000                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            66 per 1000  (39 to 110)                                                                                                                                                                                                                                   

  Change in viral load                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Mean change in viral load was 0.              MD 0.23 lower  (0.35 lower to 0.11 lower)   ‐                                      1837  (10 RCTs)                              ⊕⊕⊕⊝  MODERATE^a,j^\                                                         Resistance testing probably results in a lower viral load
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       *Due to risk of bias*                                                        

  Quality of life ‐ not reported                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         ‐                                             ‐                                           ‐                                      ‐                                            ‐                                                                            ‐

  New opportunistic infection ‐ not reported                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             ‐                                             ‐                                           ‐                                      ‐                                            ‐                                                                            ‐

  \***The risk in the intervention group** (and its 95% CI) is based on the assumed risk in the comparison group and the **relative effect** of the intervention (and its 95% CI).  Abbreviations: CI: confidence interval; MD: mean difference; OR: odds ratio; RCT: randomized controlled trial                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  **GRADE Working Group grades of evidence**  **High certainty:** we are very confident that the true effect lies close to that of the estimate of the effect  **Moderate certainty:** we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different  **Low certainty:** our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect  **Very low certainty:** we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect                                                                                                                                                                                                                                                              
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------- ------------------------------------------- -------------------------------------- -------------------------------------------- ---------------------------------------------------------------------------- ---------------------------------------------------------------------------------

^a^Risk of bias: all studies included for this outcome were not blinded, but we did not downgrade for this, as lack of blinding is unlikely to introduce bias.  ^b^Risk of bias: one included study was at high risk of bias overall, but it contributed 16.1% of the data ([Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}). We did not downgrade for this.  ^c^Downgraded by 1 for imprecision: CIs for the odds ratio include considerable harm and considerable benefit. We downgraded one point for this.  ^d^Downgraded by 1 for risk of bias: four of the included studies (˜ 37% of data) were at high or unclear risk of bias ([Cingolani 2002;](#CD006495-bbs2-0002){ref-type="ref-list"}[Cohen 2002;](#CD006495-bbs2-0003){ref-type="ref-list"}[Haubrich 2005;](#CD006495-bbs2-0007){ref-type="ref-list"}[Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}).  ^e^Indirectness: the included studies used different cutoffs to define virological failure. We did not downgrade for this.  ^f^Downgraded by 1 for publication bias: based on funnel plot asymmetry and a positive Egger\'s test.  ^g^Downgraded by 1 for indirectness: \"progression to AIDS\" was not defined uniformly across studies.  ^h^Downgraded by 1 for risk of bias: all studies included for this outcome were not blinded and adverse events could be interpreted subjectively.  ^i^Downgraded by 1 for indirectness: \"adverse event\" was not defined uniformly across studies. We downgraded one point for this.  ^j^Downgraded by 1 for risk of bias: four of the included studies (˜ 34% of data) were at high or unclear risk of bias ([Cingolani 2002;](#CD006495-bbs2-0002){ref-type="ref-list"}[Cohen 2002;](#CD006495-bbs2-0003){ref-type="ref-list"}[Haubrich 2005;](#CD006495-bbs2-0007){ref-type="ref-list"}[Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}).

Background {#CD006495-sec1-0002}
==========

Description of the condition {#CD006495-sec2-0001}
----------------------------

Almost 36.7 million people are living with human immunodeficiency virus (HIV) worldwide ([UNAIDS 2016](#CD006495-bbs2-0080){ref-type="ref-list"}). Widespread use of antiretroviral therapy (ART) has reduced the mortality and morbidity associated with HIV infection. Although only 40% of those eligible for ART are currently receiving it, efforts are under way to improve access to ART ([WHO 2017](#CD006495-bbs2-0084){ref-type="ref-list"}). Effective ART inhibits viral replication and reduces viral load. The World Health Organization (WHO) Model List of Essential Medicines contains a list of antiretroviral drugs that are grouped into four classes: nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs), non‐nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors (PIs), and integrase strand transfer inhibitors (INSTIs; [WHO 2017b](#CD006495-bbs2-0086){ref-type="ref-list"}). Recommendations on how they should be used include consideration of cost, availability, ease of administration, toxicity, and efficacy ([WHO 2016](#CD006495-bbs2-0083){ref-type="ref-list"}). The potency of these medications can be severely compromised in the presence of drug resistance. In addition, the combination of drugs prescribed should be chosen with care, given that in some classes of antiretroviral drugs, especially NNRTIs, cross‐resistance is possible: any mutation that confers resistance to one drug will lead to resistance with all other drugs in the class ([Sluis‐Cremer 2014](#CD006495-bbs2-0073){ref-type="ref-list"}). This is a matter of particular concern, given the widespread use of NNRTIs in low‐resource settings ([Sluis‐Cremer 2014](#CD006495-bbs2-0073){ref-type="ref-list"}). The WHO currently recommends initiating ART with two NRTIs in addition to one NNRTI, or one INSTI. In the event of treatment failure, the NNRTI should be switched to a PI ([WHO 2016](#CD006495-bbs2-0083){ref-type="ref-list"}).

Many problems exist in HIV care, including limited access to ART in some parts of the world, suboptimal levels of adherence, drug resistance, and treatment failure ([UNAIDS 2014](#CD006495-bbs2-0079){ref-type="ref-list"}; [UNAIDS 2016](#CD006495-bbs2-0080){ref-type="ref-list"}). International commitment to a unified response to the HIV pandemic is improving access to ART, and numerous research efforts have attempted to pinpoint the best adherence enhancement strategies ([Chaiyachati 2014](#CD006495-bbs2-0040){ref-type="ref-list"}; [Kanters 2017](#CD006495-bbs2-0057){ref-type="ref-list"}; [Nachega 2012](#CD006495-bbs2-0060){ref-type="ref-list"}; [Ramjan 2014](#CD006495-bbs2-0066){ref-type="ref-list"}; [Thompson 2012](#CD006495-bbs2-0075){ref-type="ref-list"}). However, viral resistance to ART can have an important impact on the lives of those affected.

For HIV‐positive people who are taking ART, emergence of drug resistance poses a serious threat to a sustained virological response to treatment; it reduces effective therapeutic options and may increase morbidity, mortality, and infectivity ([Cambiano 2013](#CD006495-bbs2-0039){ref-type="ref-list"}; [Gupta 2012](#CD006495-bbs2-0051){ref-type="ref-list"}). All of the above have led to an increased healthcare burden for individuals and for society. Drug resistance may be transmitted (transmitted drug resistance: TDR) or acquired (drug resistance mutation: DRM; [Rojas Sánchez 2014](#CD006495-bbs2-0069){ref-type="ref-list"}). People infected with highly resistant strains more often need to take ART (in spite of its higher costs, toxicity, and inconvenience) than those infected with HIV that is not antiretroviral‐resistant.

Close to 68% of treatment‐experienced patients who experience failed treatment have resistance to at least one drug ([WHO 2017c](#CD006495-bbs2-0087){ref-type="ref-list"}). Even though recent data suggest that these numbers are dropping ([De Luca 2015](#CD006495-bbs2-0042){ref-type="ref-list"}), treatment‐experienced patients who are failing treatment may still benefit from earlier detection of resistance and an informed selection of a new regimen.

The incidence of primary antiretroviral resistance is increasing ([Bakhouch 2009](#CD006495-bbs2-0032){ref-type="ref-list"}; [Barrow 2013](#CD006495-bbs2-0034){ref-type="ref-list"}; [Duwe 2001](#CD006495-bbs2-0046){ref-type="ref-list"}; [Rojas Sánchez 2014](#CD006495-bbs2-0069){ref-type="ref-list"}; [Torti 2004](#CD006495-bbs2-0077){ref-type="ref-list"}). This drug resistance would most likely involve TDR in newly infected individuals. The prevalence of TDR may be stable in high‐income countries (10% to 17% have resistance to at least one drug; [WHO 2017c](#CD006495-bbs2-0087){ref-type="ref-list"}), and it is on the rise in low‐income countries ([Pham 2014](#CD006495-bbs2-0063){ref-type="ref-list"}). As the number of people on ART is increasing, the frequency of DRMs is also increasing ([Boender 2016](#CD006495-bbs2-0037){ref-type="ref-list"}; [Rowley 2016](#CD006495-bbs2-0070){ref-type="ref-list"}; [Villabona‐Arenas 2016](#CD006495-bbs2-0081){ref-type="ref-list"}). People with pretreatment drug resistance are more likely to experience treatment failure ([Hamers 2012](#CD006495-bbs2-0053){ref-type="ref-list"}; [Wittkop 2011](#CD006495-bbs2-0088){ref-type="ref-list"}), have higher mortality rates ([Cambiano 2013](#CD006495-bbs2-0039){ref-type="ref-list"}; [Pinoges 2015](#CD006495-bbs2-0065){ref-type="ref-list"}), and need more frequent treatment switches during their course of care ([Boender 2015](#CD006495-bbs2-0036){ref-type="ref-list"}). Irrespective of how drug resistance occurs, it represents a serious threat to the potency of ART in both ART‐naive and ART‐experienced patients.

Description of the intervention {#CD006495-sec2-0002}
-------------------------------

Antiretroviral resistance testing is conducted in one of two ways: genotypic testing sequences the viral RNA and compares it against a database of known DRMs to determine which medications it is resistant to; phenotypic testing measures susceptibility of the virus to antiretroviral medications in a controlled environment exposed to specific antiretrovirals. Genotypic testing is less expensive and is more widely available. These tests provide information on resistance to the four main classes of ART (NRTIs, NNRTIs, PIs, and INSTIs; [AIDSinfo 2016](#CD006495-bbs2-0031){ref-type="ref-list"}). Genotypic testing can be completed within one to two weeks, but interpretation of results may be challenging without knowledge of specific gene mutations and the potential for cross‐resistance. Interpretation of genotypic testing is often aided by simultaneous reporting of predicted antiretroviral susceptibilities. Expert advice is often helpful in choosing the optimal ART after genotypic testing ([Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}). Phenotypic tests take longer (two to three weeks), and they involve determining the ability of the virus to grow in various concentrations of antiretroviral drugs. Viral replication in the presence of antiretroviral drugs is then compared with replication of a reference HIV strain. Expert assistance may be helpful in guiding interpretation. Genotypic testing is the recommended approach for treatment‐naive and treatment‐experienced patients because it costs less, results can be available faster, and it is more sensitive in detecting mixtures of resistant and wild‐type viruses. Phenotypic testing can be added when complex mutation patterns are known or suspected ([AIDSinfo 2016](#CD006495-bbs2-0031){ref-type="ref-list"}). Overall, both tests are costly, are unlikely to detect resistant viruses that constitute less than 10% to 20% of the circulating virus population, and do not have uniform standards for quality assurance ([AIDSinfo 2016](#CD006495-bbs2-0031){ref-type="ref-list"}).

Additional considerations for the use of resistance testing include timing of the test and viral load. The best results are obtained before or within four weeks of treatment discontinuation, but testing is challenging to perform in patients with low HIV viral loads ([AIDSinfo 2016](#CD006495-bbs2-0031){ref-type="ref-list"}).

How the intervention might work {#CD006495-sec2-0003}
-------------------------------

Currently, the WHO recommends use of population‐based surveys to measure levels of drug resistance. Resistance testing should be considered before ART is initiated when the prevalence of NNRTI TDR is ≥ 10%, and when it is not feasible to provide non‐NNRTI‐based first‐line regimens for all starters owing to costs or availability ([WHO 2017a](#CD006495-bbs2-0085){ref-type="ref-list"}). Data from such population‐based surveys in resource‐limited settings suggest that at 12 months, approximately two‐thirds of those who do not achieve viral suppression on first‐line therapy have drug resistance ([Hosseinipour 2013](#CD006495-bbs2-0055){ref-type="ref-list"}). The prevalence of TDR varies by exposure risk and is probably higher among men who have sex with men (MSM) and people who inject drugs (PWIDs; [Burchell 2012](#CD006495-bbs2-0038){ref-type="ref-list"}; [Rocheleau 2017](#CD006495-bbs2-0068){ref-type="ref-list"}; [Sullivan 2013](#CD006495-bbs2-0074){ref-type="ref-list"}). Therefore population‐based thresholds are not optimal for guiding first‐line ART regimens for many subpopulations. Because viral resistance can compromise virological response and no reliable ways are known to accurately predict primary drug resistance in an individual in the absence of resistance testing, HIV outcomes may be improved if such testing is done before ART is initiated ([Barennes 2014](#CD006495-bbs2-0033){ref-type="ref-list"}). Mathematical models indicate that TDR might have a substantial impact on HIV mortality if not detected ([Cambiano 2013](#CD006495-bbs2-0039){ref-type="ref-list"}).

Why it is important to do this review {#CD006495-sec2-0004}
-------------------------------------

Both European HIV Drug Resistance Guidelines and International Antiviral Society‐USA guidelines recommend resistance testing before initiation of ART ([EACS 2017](#CD006495-bbs2-0047){ref-type="ref-list"}; [Saag 2018](#CD006495-bbs2-0071){ref-type="ref-list"}). The WHO does not recommend this approach for resource‐limited settings in which available treatment options are limited, costs of resistance testing are prohibitive, and prevalence of ART resistance may be low. The WHO recommends a survey‐based method to detect population‐level prevalence of resistance and to support adherence and drug supply continuity ([WHO 2017a](#CD006495-bbs2-0085){ref-type="ref-list"}). However, in settings that provide empirical first‐line therapy for most people, the most appropriate thresholds of population‐level resistance chosen for discontinuation of a first‐line ART regimen are unclear. In addition, certain subpopulations (such as pregnant women, MSM, PWIDs, and commercial sex workers (CSWs)) may have higher levels of TDR than are seen in the general population ([Bissio 2017](#CD006495-bbs2-0035){ref-type="ref-list"}; [Burchell 2012](#CD006495-bbs2-0038){ref-type="ref-list"}; [Rocheleau 2017](#CD006495-bbs2-0068){ref-type="ref-list"}; [Sullivan 2013](#CD006495-bbs2-0074){ref-type="ref-list"}).

The US Centers for Disease Control and Prevention (CDC) recommends routine testing of all patients initiating ART based on observational data ([AIDSinfo 2016](#CD006495-bbs2-0031){ref-type="ref-list"}). One economic evaluation, based on a hypothetical cohort, reported that resistance testing is cost‐effective for treatment‐naive individuals ([Sax 2005](#CD006495-bbs2-0072){ref-type="ref-list"}). Cost‐effectiveness results are conflicting for treatment‐experienced patients, depending on which type of resistance testing is used ([Corzillius 2004](#CD006495-bbs2-0041){ref-type="ref-list"}; [Phillips 2014](#CD006495-bbs2-0064){ref-type="ref-list"}). Previous systematic reviews prepared more than 10 years ago have focused solely on patients experiencing treatment failure and on short‐term outcomes (12 months) in high‐income countries ([Dunn 2004](#CD006495-bbs2-0045){ref-type="ref-list"}; [Ena 2006](#CD006495-bbs2-0049){ref-type="ref-list"}; [Torre 2002](#CD006495-bbs2-0076){ref-type="ref-list"}). [Torre 2002](#CD006495-bbs2-0076){ref-type="ref-list"} found that viral suppression was more likely at three and six months after genotypic resistance testing but not after phenotypic testing. Viral suppression was also more likely when expert advice was provided. [Dunn 2004](#CD006495-bbs2-0045){ref-type="ref-list"} reported that a higher proportion of participants achieved viral suppression at three to six months among those who underwent resistance testing. [Ena 2006](#CD006495-bbs2-0049){ref-type="ref-list"} reported similar results at three months and additional benefits if genotypic resistance testing was coupled with expert interpretation. However, given that more options are now available for second‐ and third‐line treatment in resource‐limited settings ([WHO 2016](#CD006495-bbs2-0083){ref-type="ref-list"}), the question of how to choose a new regimen after failure of the first‐line regimen in such settings is important, and more recent and applicable evidence is needed to answer this question.

In this systematic review, we will use data from randomized trials and cohort studies to highlight the benefits or harms of conducting resistance testing in individuals before initiation of ART and after failure of first‐line treatment.

Objectives {#CD006495-sec1-0003}
==========

To evaluate the effectiveness of antiretroviral resistance testing (genotypic or phenotypic) in reducing mortality and morbidity in HIV‐positive people.

Methods {#CD006495-sec1-0004}
=======

Criteria for considering studies for this review {#CD006495-sec2-0005}
------------------------------------------------

### Types of studies {#CD006495-sec3-0001}

We searched for randomized controlled trials (RCTs) and cohort studies conducted to evaluate clinical and biological outcomes in treatment‐naive or treatment‐experienced people with HIV who undergo resistance testing compared to no resistance testing.

### Types of participants {#CD006495-sec3-0002}

We included people of any age who are HIV‐positive (with documented HIV infection as reported by study authors).

### Types of interventions {#CD006495-sec3-0003}

#### Intervention {#CD006495-sec4-0001}

Interventions consisted of any type of resistance testing in people with HIV before initiation of therapy or after failure of first‐line therapy. We included genotypic and phenotypic tests. We included studies that compared different methods of resistance testing only if they included a control arm that underwent no testing.

#### Control {#CD006495-sec4-0002}

Control groups were given no resistance testing.

### Types of outcome measures {#CD006495-sec3-0004}

#### Primary outcomes {#CD006495-sec4-0003}

Mortality (proportion of deaths)Virological success: the proportion of participants achieving undetectable viral load (using lower limits for detection and time frames defined by study authors)

#### Secondary outcomes {#CD006495-sec4-0004}

Change in mean CD4‐T‐lymphocyte count (immunological response) over timeClinical progression to AIDS: the proportion of participants who develop CDC‐defined AIDS (stages III and IV)Development of a second or new opportunistic infectionQuality of life (as reported by study authors)Change in viral load

##### Adverse events {#CD006495-sec5-0001}

Any adverse events reported by study authors

Search methods for identification of studies {#CD006495-sec2-0006}
--------------------------------------------

We performed our literature search with the assistance of an Information Specialist. We adopted a comprehensive and exhaustive search strategy to identify studies reported in all languages irrespective of publication status (published, unpublished, in press, or in progress). We conducted searches of literature from 1989 ‐ the year in which the first case of antiretroviral drug resistance was identified ([Larder 1989](#CD006495-bbs2-0058){ref-type="ref-list"}).

In addition to key antiretroviral terms used in standard searches performed by the Cochrane Infectious Diseases Group, we included all appropriate terms relevant to antiretroviral resistance testing, including Medical Subject Heading (MeSH) terms. We also used Cochrane\'s Highly Sensitive Strategy for identifying reports of RCTs and additional terms for identifying observational studies.

### Electronic searches {#CD006495-sec3-0005}

We searched the following electronic databases for relevant RCTs and observational studies.

Cochrane Central Register of Controlled Trials (CENTRAL), in the Cochrane Library (1 January 1989 to 26 January 2018)PubMed (1 January 1989 to 26 January 2018)Embase (1 January 1989 to 26 January 2018)Cumulative Index to Nursing and Allied Health Literature (CINAHL) (1 January 1989 to 26 January 2018)Latin American and Caribbean Health Sciences Literature (LILACS) (1 January 1989 to 26 January 2018)Web of Science (1 January 1989 to 26 January 2018)

We have outlined our detailed search strategies in [Appendix 1](#CD006495-sec2-0015){ref-type="app"}, [Appendix 2](#CD006495-sec2-0016){ref-type="app"}, and [Appendix 3](#CD006495-sec2-0017){ref-type="app"}.

#### Conference abstracts {#CD006495-sec4-0005}

We searched conference abstract archives on the websites of the Conference on Retroviruses and Opportunistic Infections (CROI); the International AIDS Conference (IAC); and the International AIDS Society Conference on HIV Pathogenesis, Treatment, and Prevention (IAS), for all available abstracts presented at all conferences from 1989 to 2017.

#### Ongoing trials {#CD006495-sec4-0006}

World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP)ClinicalTrials.gov

### Searching other resources {#CD006495-sec3-0006}

We checked the reference lists of pertinent studies for other relevant studies. In addition, we contacted experts in the field. We invited experts who contributed to the WHO 2017 Guidelines Panel on Management of Drug Resistance to provide additional resources that would inform this review ([WHO 2017a](#CD006495-bbs2-0085){ref-type="ref-list"}).

Data collection and analysis {#CD006495-sec2-0007}
----------------------------

We prepared a PRISMA diagram to present a summary of identification, screening, and inclusion of studies in this review ([Moher 2010](#CD006495-bbs2-0059){ref-type="ref-list"}).

### Selection of studies {#CD006495-sec3-0007}

Two review authors (TA, RS, or JT) independently inspected for relevance the titles and abstracts of all references identified by the search. We obtained full‐text copies of all potentially relevant articles and screened them using a pretested eligibility form. We included only studies that fulfilled our inclusion criteria. We resolved disagreements by consensus. When consensus could not be reached, we consulted a third review author (LM) for adjudication. We examined included manuscripts to ensure that they described unique patients whose data were not reported in another included study. If we had found overlapping studies, we would have included the larger, more comprehensive study. We reported the excluded studies and their reasons for exclusion in a [Characteristics of excluded studies](#CD006495-sec2-0022){ref-type="sec"} table. We illustrated the study selection process using a PRISMA diagram.

### Data extraction and management {#CD006495-sec3-0008}

Two review authors (TA, RS, or JT) used pilot‐tested data extraction forms to independently extract and record data from the included studies. When disagreement arose between the two review authors, a third independent review author adjudicated (LM). When necessary (missing information or unclear reports), we contacted study authors for clarification. For reports not published in English, we invited other scientists with expertise in Cochrane methods to assist with screening and data extraction. We collected bibliometric information and data on participants, interventions, comparisons, outcomes, and study duration.

#### Bibliometric information {#CD006495-sec4-0007}

Full referenceCountry of study

#### Participants {#CD006495-sec4-0008}

Inclusion criteriaExclusion criteriaAgeComorbiditiesART exposure (naive versus experienced)Numbers in intervention and control arms

#### Interventions {#CD006495-sec4-0009}

Type of testing usedUse of expert interpretationDrug regimens

#### Comparisons {#CD006495-sec4-0010}

Details on nature of control group (no testing or delayed testing)

#### Outcomes {#CD006495-sec4-0011}

Number of participants who experienced an event for dichotomous outcomesMeans and standard deviations for normally distributed continuous outcomes (we standardized continuous data not reported on the same scale)

#### Study duration {#CD006495-sec4-0012}

Duration of the studyTiming of outcome measurement (in weeks or months)

### Assessment of risk of bias in included studies {#CD006495-sec3-0009}

We assessed the risk of bias of randomized trials using the Cochrane 'Risk of bias\' assessment tool for the following items ([Appendix 4](#CD006495-sec2-0018){ref-type="app"}).

Sequence generation: how the allocation sequence was generated and whether this was adequateAllocation concealment: how the allocation sequence was concealed and whether this was adequateBlinding of participants, personnel, and outcome assessorsDescription of the completeness of outcome data for each main outcomeSelective outcome reportingOther potential sources of bias (e.g. funding)

We graded included studies as having high, low, or unclear risk of bias, corresponding to assessments of yes, no, or unclear risk of bias. Two review authors independently performed 'Risk of bias\' assessments and prepared 'Risk of bias\' tables.

Regarding the methodological quality of cohort studies, we planned to appraise this using the Newcastle‐Ottawa Scale (NOS; [Wells 2009](#CD006495-bbs2-0082){ref-type="ref-list"}), which consists of assessments for the following items in three domains.

Selection: representativeness of the exposed cohort, selection of the non‐exposed cohort, ascertainment of exposure, demonstration that the outcome of interest was not present at the start of the studyComparability: comparability of cohorts on the basis of design or analysisOutcomes: assessment of outcomes, duration of follow‐up, and adequacy of follow‐up

### Measures of treatment effect {#CD006495-sec3-0010}

We analysed the data using Review Manager 5 (RevMan 5) ([RevMan 2014](#CD006495-bbs2-0067){ref-type="ref-list"}). We calculated the odds ratio (OR) for binary data, the weighted mean difference (WMD) for continuous data measured on the same scale, and the standard mean difference (SMD) for continuous data measured on different scales. We presented these results along with 95% confidence interval (CI) values.

### Unit of analysis issues {#CD006495-sec3-0011}

The unit of analysis was the individual. We did not anticipate finding any cluster trials or cross‐over trials.

### Dealing with missing data {#CD006495-sec3-0012}

For missing or unclear data, we contacted the authors of included studies during the eligibility assessment and data extraction stages. We also sought missing data from secondary publications of the same study. In the event that we were unable to obtain the missing data, we conducted a complete‐case analysis.

### Assessment of heterogeneity {#CD006495-sec3-0013}

We first assessed included studies for clinical heterogeneity. If studies were similar enough that we could combine them (with regards to participants, interventions, comparisons, and outcomes), we performed a meta‐analysis and assessed statistical heterogeneity using the Chi² test for homogeneity with a level of significance of alpha = 0.10 and the I² statistic to quantify inconsistency.

### Assessment of reporting biases {#CD006495-sec3-0014}

We assessed reporting bias (selective outcome reporting) using the Cochrane 'Risk of bias\' assessment tool ([Appendix 4](#CD006495-sec2-0018){ref-type="app"}). We planned to assess publication bias using a funnel plot if 10 or more studies met the inclusion criteria ([Higgins 2011](#CD006495-bbs2-0054){ref-type="ref-list"}).

### Data synthesis {#CD006495-sec3-0015}

We performed a random‐effects meta‐analysis to synthesize sufficiently similar quantitative data. We pooled the results of included studies to determine the odds ratio or the mean difference. We did not intend to pool data from randomized and non‐randomized studies. We planned to conduct analyses per exposure (i.e. data from treatment‐naive and treatment‐experienced people would be analysed separately).

Reporting of change in HIV viral load and CD4 cell count varied across studies; therefore we performed calculations to obtain standard deviations from P values and pooled CIs from group means, as recommended in the *Cochrane Handbook for Systematic Reviews of Interventions* ([Higgins 2011](#CD006495-bbs2-0054){ref-type="ref-list"}). We converted standard errors and CIs to standard deviations in RevMan 5 ([RevMan 2014](#CD006495-bbs2-0067){ref-type="ref-list"}). We estimated means from medians when sample sizes were greater than 25, which has been shown to be a suitable estimate even in skewed distributions ([Hozo 2005](#CD006495-bbs2-0056){ref-type="ref-list"}). We computed virological failure as the inverse of virological success to permit pooling across studies.

#### Certainty of the evidence {#CD006495-sec4-0013}

We assessed the certainty of the body of evidence using the GRADE approach ([GRADEpro 2015](#CD006495-bbs2-0050){ref-type="ref-list"}), which defines the certainty of evidence for each outcome as the extent to which one can be confident that an estimate of effect or association is close to the quantity of specific interest. The certainty rating across studies has four levels: high, moderate, low, or very low. RCTs are categorized as high certainty evidence but can be downgraded; similarly, other types of controlled trials and observational studies are categorized as low certainty but can be upgraded. Factors that decrease the certainty of the evidence include limitations in design, indirectness of evidence, unexplained heterogeneity or inconsistency of results, imprecision of results, or high probability of publication bias. Factors that can increase the certainty level of a body of evidence include having a large magnitude of effect, whether plausible confounding would reduce a demonstrated effect, and if there is a dose‐response gradient ([Guyatt 2011](#CD006495-bbs2-0052){ref-type="ref-list"}). We used the GRADEpro Guideline Development Tool (GDT) software to produce 'Summary of findings\' tables ([GRADEpro 2015](#CD006495-bbs2-0050){ref-type="ref-list"}).

### Subgroup analysis and investigation of heterogeneity {#CD006495-sec3-0016}

We planned to conduct subgroup analyses separately for studies that included treatment‐naive and treatment‐experienced people living with HIV. We prespecified the following subgroups.

Potency of ART used (NNRTI‐ or PI‐based regimens)Type of resistance testing used (genotype or phenotype)Level of advancement of disease (Centers for Disease Control and Prevention (CDC) or WHO stage)Expert interpretation (use of expert advice to guide interpretation of resistance testing results)Age (children versus adults)

We hypothesized that studies with more potent ART, more sophisticated resistance testing techniques, and patients at early stages of the disease whose choice of regimen is supported by expert advice would have relatively better outcomes with resistance testing compared to no resistance testing. Likewise, we expected that the benefits derived by ART‐naive patients would be better because these patients have a greater variety of potent drugs to choose from after completing resistance testing; patients in settings with a higher population‐level resistance rate would also experience greater benefit from resistance testing before therapy was initiated. We restricted subgroup analyses to those most relevant and those for which we had data. We interpreted subgroup results based on results of the between‐subgroups Chi² interaction test.

### Sensitivity analysis {#CD006495-sec3-0017}

We planned to undertake a sensitivity analysis to evaluate bias introduced by variability in study design (observational versus randomized) and risk of bias.

Results {#CD006495-sec1-0005}
=======

Description of studies {#CD006495-sec2-0008}
----------------------

### Results of the search {#CD006495-sec3-0018}

We conducted literature searches up to 26 January 2018, which yielded 3003 titles. Three review authors (TA, JT, and RS) independently screened the titles, abstracts, and descriptor terms of all material downloaded from the electronic searches to identify potentially relevant studies. After removing duplicates, we screened 2067 titles and abstracts, of which we excluded 2037 studies. We obtained the full‐text articles of 30 potentially relevant or uncertain reports. Eleven of them met our inclusion criteria. We excluded 19 after full‐text review. We have outlined our screening and selection process in [Figure 1](#CD006495-fig-0001){ref-type="fig"}.

![PRISMA study flow diagram.](nCD006495-AFig-FIG01){#CD006495-fig-0001}

### Included studies {#CD006495-sec3-0019}

Eleven RCTs met the inclusion criteria of this Cochrane Review ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}; [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}). The findings reported here are from papers or conference abstracts published between 1999 and 2005. Two study authors provided additional unpublished data ([Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}). See the [Characteristics of included studies](#CD006495-sec2-0021){ref-type="sec"} table.

#### Locations of studies {#CD006495-sec4-0014}

One trial was a multi‐national trial conducted in six countries: Italy, Brazil, UK, Spain, Germany, and Portugal ([Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}). Four trials were conducted in the USA ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}); two in France ([Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}); and one each in Italy ([Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}), Spain ([Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}), Brazil ([Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}), and UK ([Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}).

#### Study participants {#CD006495-sec4-0015}

All 11 trials exclusively included participants who were treatment‐experienced and whose therapy was failing ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}; [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}). One study included children exclusively (three months to 18 years of age; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}). Two studies included both adolescents and adults (13 years of age or older; [Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}). Another study included children and adolescents ([Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}). One study did not report participant age ([Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}). Remaining studies included adults only ([Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}; [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}).

#### Interventions provided {#CD006495-sec4-0016}

Seven trials compared genotypic testing versus usual care ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}). Two trials compared phenotypic testing versus usual care ([Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}). Two trials compared genotypic and phenotypic testing versus usual care ([Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}). Three trials included expert advice on interpretation of the resistance tests ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}).

#### Outcomes reported {#CD006495-sec4-0017}

Six trials reported mortality ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}; [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}); 10 reported virological success ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}); eight reported change in mean CD4 count ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}); and three reported clinical progression to AIDS ([Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}). No trials reported on the development of a second or new opportunistic infection or on quality of life. Four trials reported any adverse events ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}). Additional outcomes reported in 10 trials included change in viral load ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}). One study reported time to persistent treatment failure ([Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}).

#### Length of follow‐up {#CD006495-sec4-0018}

The shortest length of follow‐up was 12 weeks ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}), and the longest was 150 weeks ([Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}). One trial ran for 16 weeks ([Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}); three for 24 weeks ([Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}); one for 36 weeks ([Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}); two for 52 weeks ([Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}); and one for 96 weeks ([Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}). The median follow‐up time was 24 weeks (quartile 1 = 16; quartile 3 = 52).

We have provided further details on the included studies in an additional table ([Table 7](#CD006495-tbl-0007){ref-type="table"}).

###### Additional characteristics of included studies

  ------------------------------------------------------------------------- --------------------------------------------- ----------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------------- -------------------- -----------------------------------
  **Trial ID (acronym)**                                                    **Location**                                  **Exposure criteria**                                                                                 **Definition of virological failure at entry**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    **Type of resistance testing compared to control**   **Primary virological success cutoff point (copies/mL)**   **Expert opinion**   **Duration of follow‐up (weeks)**

  [Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}                   USA                                           A combination antiretroviral regimen containing a single PI (indinavir, nelfinavir, saquinavir, or\   Four conditions: (1) patient taking a current triple‐drug regimen for at least 16 weeks; (2) a locally determined screening HIV‐1‐RNA level \> 20,000 copies/mL by the Roche Amplicor HIV‐1 assay or \> 10,000 copies/mL by the Chiron branched chain (bDNA) assay within 6 weeks before a required baseline visit; (3) documentation that the screening HIV‐1‐RNA level was 3‐fold greater than the nadir HIV‐1‐RNA level while on the triple‐drug regimen, or that the nadir was \< 500 copies/mL; and (4) a centrally determined HIV‐1‐RNA level \> 5000 copies/mL by the Chiron 2.0 bDNA assay using plasma collected at the baseline visit   Genotype                                             NA                                                         Yes                  12
                                                                                                                          ritonavir) and 2 NRTIs                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"} (ARGENTA)      Italy                                         At least 2 months on a highly active\                                                                 Two conditions: (1) plasma viral load \> 2000 copies/mL in at least two consecutive determinations; or (2) \< 1 log reduction in HIV RNA more than 2 months after the start of the last regimen                                                                                                                                                                                                                                                                                                                                                                                                                                                   Genotype                                             \< 500                                                     Yes                  12
                                                                                                                          antiretroviral regimen                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}                    USA                                           At least 2 NRTIs and only one PI, taken for at least\                                                 HIV‐1‐RNA plasma levels ≥ 2000 copies/mL                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Phenotype                                            \< 400                                                     No                   16
                                                                                                                          1 month before screening                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"} (ERA)               UK                                            On ART                                                                                                Most recent HIV‐1‐RNA plasma viral load (VL) exceeding 2000 copies/mL                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Genotype                                             \< 50                                                      No                   52

  [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"} (VIRADAPT)        France                                        At least 6 months of treatment with nucleoside\                                                       Plasma HIV‐1‐RNA \> 10,000 copies/mL                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Genotype                                             \< 200                                                     No                   24
                                                                                                                          analogues and at least 3 months of treatment with a protease\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                          inhibitor                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"} (PERA (PENTA 8))   Italy, Brazil, UK, Spain, Germany, Portugal   Greater exposure than 2 or 3 nucleoside reverse\                                                      Most recent HIV‐1‐RNA plasma viral load \> 2000 copies/mL                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Genotype                                             \< 50                                                      No                   96
                                                                                                                          transcriptase inhibitors (NRTIs) for \< 2 years                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"} (CCTG)          USA                                           At least\                                                                                             HIV RNA \> 400 copies/mL                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Phenotype                                            \< 400                                                     No                   52
                                                                                                                          6 months of previous ART, exposure to no more than\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                                                          2 prior protease inhibitors (PIs)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

  [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}                  USA                                           Previous exposure to at least 1 protease inhibitor (PI)\                                              Plasma HIV‐1‐RNA \> 1000 copies/mL                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Genotype and Phenotype                               \< 200                                                     No                   36
                                                                                                                          for at least 3 months                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}                   Brazil                                        Previous exposure to at least 2 ART regimens, with failure of their current therapy                   Not reported                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Genotype                                             Not reported                                               No                   24

  [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"} (Havana)           Spain                                         Stable antiretroviral\                                                                                Plasma HIV‐1‐RNA ≥ 1000 copies/mL                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Genotype                                             \< 400                                                     Yes                  24
                                                                                                                          therapy combination for longer than 6 months                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}                   USA                                           Receiving a\                                                                                          VL \> 3.0 log₁₀ copies/mL concomitant with ≥ 1 of the following conditions: \< 1.0 log₁₀ reduction in VL 4 weeks after start of a therapy regimen, failure to suppress VL to \< 200 copies/mL 6 weeks after start of therapy, detection of plasma VL \> 3.0 log₁₀ copies/mL after initial suppression to \< 200 copies/mL, or increase of \> 0.5 log₁₀ copies/mL (to \> 3.0 log₁₀ copies/mL) from the nadir VL that could not be directly attributed to vaccination or intercurrent illness                                                                                                                                                       Genotype and Phenotype                               NA                                                         No                   150
                                                                                                                          stable ART regimen containing ≥ 2 drugs for at least 8 weeks\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                          before randomization                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  ------------------------------------------------------------------------- --------------------------------------------- ----------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------------- -------------------- -----------------------------------

Abbreviations: ART: antiretroviral therapy; bDNA: branched DNA assay; NA: not applicable; NRTI: nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; VL: viral load.

### Excluded studies {#CD006495-sec3-0020}

We excluded 19 potentially relevant studies and summarized these in the [Characteristics of excluded studies](#CD006495-sec2-0022){ref-type="sec"} table. Five of these studies used genotypic guided therapy in both study arms ([Bossi 2004](#CD006495-bbs2-0014){ref-type="ref-list"}; [Clevenbergh 2000](#CD006495-bbs2-0015){ref-type="ref-list"}; [Dunn 2005a](#CD006495-bbs2-0019){ref-type="ref-list"}; [Gianotti 2006](#CD006495-bbs2-0021){ref-type="ref-list"}; [Hales 2006](#CD006495-bbs2-0022){ref-type="ref-list"}); and four compared genotypic versus phenotypic testing and included no control arm ([Mazzotta 2003](#CD006495-bbs2-0025){ref-type="ref-list"}; [Perez‐Elias 2003](#CD006495-bbs2-0027){ref-type="ref-list"}; [Saracino 2004](#CD006495-bbs2-0028){ref-type="ref-list"}; [Torti 2005](#CD006495-bbs2-0029){ref-type="ref-list"}). One was a simulation study ([Lorenzana 2012](#CD006495-bbs2-0023){ref-type="ref-list"}). Another compared strategies to interpret HIV genotypic resistance tests ([Maggiolo 2007](#CD006495-bbs2-0024){ref-type="ref-list"}). Two were cross‐sectional studies of drug resistance rates ([Pere 2012](#CD006495-bbs2-0026){ref-type="ref-list"}; [Vergne 2003](#CD006495-bbs2-0030){ref-type="ref-list"}); three were secondary analyses of included studies with no additional outcome information ([Clevenbergh 2002](#CD006495-bbs2-0016){ref-type="ref-list"}; [De Luca 2006](#CD006495-bbs2-0017){ref-type="ref-list"}; [Durant 2000](#CD006495-bbs2-0020){ref-type="ref-list"}); two did not include any relevant intervention arm ([Bonjoch 2008](#CD006495-bbs2-0013){ref-type="ref-list"}; [Demeter 2008](#CD006495-bbs2-0018){ref-type="ref-list"}); and one was a retrospective evaluation of an RCT ([Badri 2003](#CD006495-bbs2-0012){ref-type="ref-list"}).

Risk of bias in included studies {#CD006495-sec2-0009}
--------------------------------

We assessed the risk of bias of each included study using the Cochrane 'Risk of bias\' assessment tool ([Appendix 4](#CD006495-sec2-0018){ref-type="app"}). We assessed risk of bias in individual trials across seven domains: sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessor, incomplete outcome data, selective outcome reporting, and other potential biases. We summarized these into one overall assessment of risk of bias. See the 'Risk of bias\' summary in [Figure 2](#CD006495-fig-0002){ref-type="fig"} and the 'Risk of bias\' graph in [Figure 3](#CD006495-fig-0003){ref-type="fig"}.

!['Risk of bias\' summary: review authors\' judgements about each 'Risk of bias\' item for each included study.](nCD006495-AFig-FIG02){#CD006495-fig-0002}

!['Risk of bias\' graph: review authors\' judgements about each 'Risk of bias\' item presented as percentages across all included studies.](nCD006495-AFig-FIG03){#CD006495-fig-0003}

### Allocation {#CD006495-sec3-0021}

#### Generation of allocation sequence {#CD006495-sec4-0019}

Only four studies reported how the allocation sequence was generated ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}). For all other studies, the method of sequence generation was unclear ([Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}; [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}).

#### Allocation concealment {#CD006495-sec4-0020}

Eight studies reported appropriate methods of allocation concealment ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}; [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}). For the remaining three studies, allocation concealment was unclear ([Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}).

### Blinding of participants and personnel {#CD006495-sec3-0022}

Nine trials were reported as open‐label or not blinded ([Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}; [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}), and two studies did not mention blinding ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}). Given the nature of the intervention, we judged that lack of blinding was unlikely to introduce bias.

### Blinding of outcome assessors {#CD006495-sec3-0023}

No studies reported blinding of outcome assessors. Given the nature of measured outcomes, we judged that lack of blinding was unlikely to introduce bias.

### Incomplete outcome data {#CD006495-sec3-0024}

Eight studies reported levels and causes of attrition. These were balanced between groups, and levels of attrition were low (\< 20%; [Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}). We judged these studies to be at low risk of bias. One study was at high risk of bias for providing incomplete outcome data ([Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}), and another study was at unclear risk of bias ([Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}). [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"} did not report exclusions by group.

### Selective reporting {#CD006495-sec3-0025}

Ten studies reported all outcomes that could reasonably be expected ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}). We judged these studies to be at low risk of bias for selective reporting. One study was at high risk of bias for selective reporting ([Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}).

### Other potential sources of bias {#CD006495-sec3-0026}

#### Funding {#CD006495-sec4-0021}

Eight studies reported government or private funding ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}; [Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}; [Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}; [Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}; [Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}). We judged these studies to be at low risk of bias. One study was funded by a manufacturer of resistance tests ([Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}), and two did not report funding ([Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}). We judged these studies to be at high and unclear risk of bias, respectively.

#### Publication bias {#CD006495-sec4-0022}

We assessed publication bias for virological failure using a funnel plot, which appeared asymmetrical on visual inspection ([Figure 4](#CD006495-fig-0004){ref-type="fig"}). We also ran Egger\'s regression test and confirmed this asymmetry (P \< 0.001) ([Egger 1997](#CD006495-bbs2-0048){ref-type="ref-list"}).

![Funnel plot of comparison: 1 Resistance testing versus no resistance testing, outcome: 1.2 Virological failure.](nCD006495-AFig-FIG04){#CD006495-fig-0004}

Effects of interventions {#CD006495-sec2-0010}
------------------------

See: [Table 1](#CD006495-tbl-0001){ref-type="table"}

See [Table 1](#CD006495-tbl-0001){ref-type="table"}.

### Resistance testing versus no resistance testing {#CD006495-sec3-0027}

#### Mortality {#CD006495-sec4-0023}

Researchers reported no differences in mortality between the group that received resistance testing and the group that did not (odds ratio (OR) 0.89, 95% CI 0.36 to 2.22; 5 trials, 1140 participants; P = 0.800; [Analysis 1.1](#CD006495-fig-00101){ref-type="fig"}; [Figure 5](#CD006495-fig-0005){ref-type="fig"}).

![Forest plot of comparison: 1 Resistance testing (RT) versus no RT, outcome: 1.1 Mortality.](nCD006495-AFig-FIG05){#CD006495-fig-0005}

#### Virological failure {#CD006495-sec4-0024}

Virological failure was less likely in the group that received resistance testing than in the group that did not (OR 0.70, 95% CI 0.56 to 0.87; 10 trials, 1728 participants; P \< 0.001; [Analysis 1.2](#CD006495-fig-00102){ref-type="fig"}; [Figure 6](#CD006495-fig-0006){ref-type="fig"}).

![Forest plot of comparison: 1 Resistance testing (RT) versus no RT, outcome: 1.2 Virological failure.](nCD006495-AFig-FIG06){#CD006495-fig-0006}

#### Change in CD4 cell count {#CD006495-sec4-0025}

The change in CD4 cell count was similar in the group that received resistance testing and in the group that did not (mean difference (MD) ‐1.00 cells/mm³, 95% CI ‐12.49 to 10.50; 7 trials, 1349 participants; P = 0.860; [Analysis 1.3](#CD006495-fig-00103){ref-type="fig"}; [Figure 7](#CD006495-fig-0007){ref-type="fig"}).

![Forest plot of comparison: 1 Resistance testing (RT) versus no RT, outcome: 1.3 Change in CD4 cell count.](nCD006495-AFig-FIG07){#CD006495-fig-0007}

#### Progression to AIDS {#CD006495-sec4-0026}

Data show no differences in the proportion of participants who progressed to AIDS in the group that received resistance testing compared to the group that did not (OR 0.64, 95% CI 0.31 to 1.29; 3 trials, 809 participants; P = 0.210; [Analysis 1.4](#CD006495-fig-00104){ref-type="fig"}; [Figure 8](#CD006495-fig-0008){ref-type="fig"})

![Forest plot of comparison: 1 Resistance testing (RT) versus no RT, outcome: 1.4 Progression to AIDS.](nCD006495-AFig-FIG08){#CD006495-fig-0008}

#### Adverse events {#CD006495-sec4-0027}

Adverse events were comparable between groups (OR 0.89, 95% CI 0.51 to 1.55; 4 trials, 808 participants; P = 0.670; [Analysis 1.5](#CD006495-fig-00105){ref-type="fig"}; [Figure 9](#CD006495-fig-0009){ref-type="fig"}).

![Forest plot of comparison: 1 Resistance testing (RT) versus no RT, outcome: 1.5 Adverse events.](nCD006495-AFig-FIG09){#CD006495-fig-0009}

#### Change in viral load {#CD006495-sec4-0028}

Change in log₁₀ viral load was greater in the group that received resistance testing (MD ‐0.23, 95% CI ‐0.35 to ‐0.11; 10 trials, 1837 participants; P \< 0.001; [Analysis 1.6](#CD006495-fig-00106){ref-type="fig"}; [Figure 10](#CD006495-fig-0010){ref-type="fig"}).

![Forest plot of comparison: 1 Resistance testing (RT) versus no RT, outcome: 1.6 Change in viral load.](nCD006495-AFig-FIG10){#CD006495-fig-0010}

No studies reported on development of new opportunistic infections or on quality of life.

#### Subgroup analyses {#CD006495-sec4-0029}

Statistical heterogeneity was low in all primary analyses, never exceeding I² = 25%. None of the preplanned subgroup analyses revealed any statistically significant subgroup effects for any reported outcomes.

##### Potency of ART {#CD006495-sec5-0002}

Data were insufficient to show the potency of ART as a possible effect modifier. Included studies used a wide variety of approaches to describe the potency of ART, including the impact of resistance testing on the choice of ART ([Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}; [Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}), the number of new drugs prescribed ([Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}; [Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}), the number of potent drugs given ([Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}), the proportions of participants who received potent drugs ([Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}), and the prevalence of drug resistance mutations ([Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}).

##### Type of resistance test {#CD006495-sec5-0003}

We noted no subgroup effects when we compared genotypic resistance tests to phenotypic resistance tests for the outcomes of mortality ([Analysis 2.1](#CD006495-fig-00201){ref-type="fig"}) and virological failure ([Analysis 2.2](#CD006495-fig-00202){ref-type="fig"}). Contrary to the pooled results, we noted no differences in virological failure in the subgroup of studies that used phenotypic tests. This is likely due to the fact that studies lacked the power needed to detect a difference among the three studies (371 participants) that used phenotypic tests.

##### Use of expert advice {#CD006495-sec5-0004}

We saw no subgroup effects when we compared the addition of expert advice to resistance tests versus resistance testing alone for the outcomes of mortality ([Analysis 3.1](#CD006495-fig-00301){ref-type="fig"}) and virological failure ([Analysis 3.2](#CD006495-fig-00302){ref-type="fig"}). However, no difference in virological failure could be seen among studies that did not use expert advice.

##### Children versus adults {#CD006495-sec5-0005}

We observed no subgroup effects when we compared trials that exclusively enrolled children or adolescents versus those that exclusively enrolled adults for the outcomes of mortality ([Analysis 4.1](#CD006495-fig-00401){ref-type="fig"}) and virological failure ([Analysis 4.2](#CD006495-fig-00402){ref-type="fig"}). However, studies that included children reported no differences in virological failure.

**Level of advancement of disease**

Data were insufficient to show the potency of the level of advancement of disease as a possible effect modifier.

#### Sensitivity analyses {#CD006495-sec4-0030}

##### Risk of bias {#CD006495-sec5-0006}

Mortality was comparable between studies at high or unclear risk of bias and those at low risk of bias ([Analysis 5.1](#CD006495-fig-00501){ref-type="fig"}). Results show no significant differences in virological failure between studies at high or unclear risk of bias and those at low risk of bias ([Analysis 5.2](#CD006495-fig-00502){ref-type="fig"}).

Discussion {#CD006495-sec1-0006}
==========

Summary of main results {#CD006495-sec2-0011}
-----------------------

See [Table 1](#CD006495-tbl-0001){ref-type="table"}. Eleven RCTs, which included 2531 participants, met the inclusion criteria of this review. All participants were experiencing failing ART (none were starting ART for the first time). We found that resistance testing probably has little or no impact on mortality (moderate‐certainty evidence) nor on progression to AIDS (moderate‐certainty evidence). Resistance testing probably may reduce the risk of virological failure (low‐certainty evidence) and reduces mean HIV viral load (moderate‐certainty evidence). It probably has little or no effect on change in CD4 cell count (moderate‐certainty evidence) nor on adverse events (low‐certainty evidence). Data show no serious inconsistency: we did not find any statistically significant heterogeneity for any outcomes, and the I² statistic ranged from 0 to 25%. Effects of resistance testing were similar by type of resistance test (genotypic versus phenotypic), the addition of expert advice to interpretation of resistance tests, and age. Results for mortality were also consistent in all subgroups.

Overall completeness and applicability of evidence {#CD006495-sec2-0012}
--------------------------------------------------

We identified literature suggesting that resistance testing may be beneficial for people with HIV who are experiencing failing ART. Findings of this Cochrane Review are dominated by data from the USA ‐ [Baxter 2000,](#CD006495-bbs2-0001){ref-type="ref-list"}[Cohen 2002,](#CD006495-bbs2-0003){ref-type="ref-list"}[Haubrich 2005,](#CD006495-bbs2-0007){ref-type="ref-list"}[Meynard 2002,](#CD006495-bbs2-0008){ref-type="ref-list"}[Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"} ‐ and from other high‐income countries such as Italy ([Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}), UK ([Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}), France ([Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}), and Spain ([Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}). One study included participants from Italy, Brazil, UK, Spain, Germany, and Portugal ([Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}). Only two studies included children ([Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}; [Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}). No studies included treatment‐naive people living with HIV. Therefore, data from low‐income countries and on children and people initiating therapy are lacking. We note that all of these trials were conducted more than 10 years ago, and findings from this review should be interpreted with the understanding that novel antiretroviral drugs lead to more favourable outcomes in patients whose treatment is not informed by a resistance test. Integrase strand inhibitors, especially dolutegravir and bictegravir, are much more potent and have a higher barrier to resistance when compared with most of the non‐nucleoside reverse transcriptase inhibitors (NNRTIs) and early‐generation protease inhibitors (e.g. lopinavir) that were used in the RCTs included in this review ([Tsiang 2016](#CD006495-bbs2-0078){ref-type="ref-list"}). Thus, whether or not resistance testing has a similar impact on viral outcomes among patients starting integrase inhibitor‐based regimens is speculative. Owing to limited data, we were unable to explore the role of the potency of ART in this systematic review. We also acknowledge that newer algorithms for interpreting genotypic tests may be more sensitive ([Desai 2007](#CD006495-bbs2-0043){ref-type="ref-list"}), and some patients with drug resistance included in the older studies may have been missed. These facts would bias results towards the null. Length of follow‐up in many studies was less than one year (median six months). Therefore, we cannot make inferences about the long‐term effects of treatment regimens informed by resistance tests.

### Certainty of the evidence {#CD006495-sec3-0028}

The certainty of evidence for measured outcomes ranged from low to moderate. The main methodological concern of review authors was the lack of blinding noted in included studies. Most study authors declared that studies were open‐label or did not mention blinding. Resistance testing is a complex intervention that includes laboratory technicians, the attending physician(s), and the patient. Blinding, especially of the healthcare provider, may not be possible. Based on this, we did not downgrade for blinding when examining objective outcomes such as mortality and laboratory‐based measures (viral load, CD4 cell count). Many studies did not report how the allocation sequence was generated, and we had concerns about whether the allocation process was truly random. We found evidence of publication bias for the outcome of virological failure and downgraded for this.

Potential biases in the review process {#CD006495-sec2-0013}
--------------------------------------

We minimized biases in the review process by considering literature written in any language, by performing a comprehensive search of databases and conference proceedings, and by contacting experts in the field for unpublished and ongoing studies (as part of the consultative process for the development of World Health Organization (WHO) guidelines ([WHO 2017a](#CD006495-bbs2-0085){ref-type="ref-list"})). We screened articles and extracted data in duplicate. Even though we searched for observational studies, we found none. The absence of validated search strategies for observational studies in HIV precludes our ability to verify whether we missed any studies. Our assessment of publication bias for virological failure through visual inspection of a funnel plot and use of Egger\'s test suggested the presence of publication bias.

Agreements and disagreements with other studies or reviews {#CD006495-sec2-0014}
----------------------------------------------------------

Our findings are comparable with those of three other systematic reviews. [Torre 2002](#CD006495-bbs2-0076){ref-type="ref-list"} found that undetectable viral load was more likely to be achieved at three months (odds ratio (OR) 1.7, 95% CI 1.3 to 2.2) and at six months (OR 1.6, 95% CI 1.2 to 2.2) if treatment was guided by genotypic or phenotypic resistance testing. This group included six trials (1471 participants) in this systematic review and found that expert guidance conferred additional benefits (OR 2.4, 95% CI 1.5 to 3.7). [Ena 2006](#CD006495-bbs2-0049){ref-type="ref-list"} included eight trials (1810 participants) and reported similar findings, with better virological success achieved with genotypic or phenotypic resistance testing (risk ratio (RR) 1.23, 95% CI 1.09 to 1.40) and better expert interpretation provided (RR 1.82, 95% CI 1.38 to 2.40). [Panidou 2004](#CD006495-bbs2-0062){ref-type="ref-list"}, which included 10 trials (2258 participants), found that genotypic resistance testing increased the proportions of participants with undetectable viral load at three months by 11% (95% CI 6 to 16) and at six months by 10% (95% CI 5 to 16). All three systematic reviews focused on people who were experiencing failing treatment. We found no subgroup effects for expert advice, even though virological failure appeared to be less likely with expert advice (expert advice: OR 0.59, 95% CI 0.41 to 0.83; no expert advice: OR 0.77, 95% CI 0.57 to 1.04).

Minor differences between the findings of our review and of these three reviews may be explained by the number of included studies and the inclusion criteria applied. We found 11 trials, whereas the largest of the previous reviews included only 10 studies ([Panidou 2004](#CD006495-bbs2-0062){ref-type="ref-list"}). In addition, authors of these three reviews explored head‐to‐head comparisons of different resistance tests ([Panidou 2004](#CD006495-bbs2-0062){ref-type="ref-list"}).

Even though we sought to include data on treatment‐naive patients initiating therapy, we found no relevant studies.

Authors\' conclusions {#CD006495-sec1-0007}
=====================

Implications for practiceResistance testing probably provides virological benefits (measured up to six months) for people who are experiencing failing therapy and switching to a non‐integrase inhibitor‐based antiretroviral therapy (ART) regimen. American and European guidelines already recommend HIV resistance testing for these patients ([EACS 2017](#CD006495-bbs2-0047){ref-type="ref-list"}; [Saag 2018](#CD006495-bbs2-0071){ref-type="ref-list"}). Even though these guidelines also recommend resistance testing in treatment‐naive people, we found no trials that included treatment‐naive people. However, inferences on how resistance testing will perform in treatment‐naive people can be drawn from these findings and from other systematic reviews demonstrating that the odds of virological failure were higher when HIV‐positive people with transmitted drug resistance (TDR) were started on ART without resistance testing (odds ratio (OR) 2.96, 95% CI 1.89 to 4.65; 12 observational studies; [WHO 2017a](#CD006495-bbs2-0085){ref-type="ref-list"}). Another observational study reported improved survival among treatment‐experienced patients (hazard ratio (HR) 0.70, 95% CI 0.51 to 0.96) but not in treatment‐naive patients (HR 0.25, 95% CI 0.03 to 1.82) when resistance testing was used ([Palella 2009](#CD006495-bbs2-0061){ref-type="ref-list"}). It is unclear if the benefits of testing may be greater for treatment‐naive patients, who would have more therapeutic options. However, the costs of resistance testing and the feasibility of widespread rollout in resource‐limited settings must be considered.

Implications for researchAlthough additional trials would provide a more robust body of evidence, they are unlikely to be conducted, given that resistance testing after initiation of treatment and after treatment failure is already performed as part of routine care in some parts of the world. The major downside of this testing appears to involve costs and feasibility, as resistance testing is unlikely to cause harm. In treatment‐naive people, investigators should consider the ethical implications of randomizing participants to a \"no resistance testing\" arm, as well as the best strategies for incorporating other factors along the cascade of care that influence outcomes such as adherence to medication and potency of ART regimens. Studies using a non‐randomized design and administrative databases may provide answers to these questions.Based on the findings of this review, we recommend further investigation of the role of resistance testing in treatment‐naive people with HIV and in subpopulations with a greater incidence of TDR, such as men who have sex with men (MSM), commercial sex workers (CSWs), and people who inject drugs (PWIDs). Those conducting randomized investigations should consider use of \"delayed resistance testing\" instead of \"no resistance testing\". Mortality is an important outcome that future studies are encouraged to report, in addition to virological outcomes and quality of life. However, resistance testing is unlikely to lead to reduced mortality in the short term ‐ longer‐term large studies would be needed to enhance our understanding of whether improvement in the surrogate measure (viral load) leads to improvements in outcomes that patients are likely to consider important, such as mortality. We also recommend that studies be conducted in low‐resource settings. Given the prohibitive costs of resistance testing, which preclude its widespread use, economic analyses are imperative for low‐income settings before such testing is widely adopted in these places.

The Academic Editor of this review was Dr Nathan Ford.

We developed this review as part of the mentoring requirements for the Aubrey Sheiham Evidence‐Based Health Care in Africa Leadership Award, which is administered by Cochrane South Africa at the South African Medical Research Council. LM is mentoring JT, TA, and RS.

The editorial base of the Cochrane Infectious Diseases Group is funded by UK aid from the UK government for the benefit of low‐ and middle‐income countries (project number 300342‐104). The views expressed do not necessarily reflect the UK government's official policies.

We acknowledge the support of Joy Oliver, Chief Officer at Cochrane South Africa, South African Medical Research Council for developing the search strategy and running the searches.

We are grateful to the study investigators who shared unpublished data.

**IDSearch**\#1MeSH descriptor: \[HIV Infections\] explode all trees\#2MeSH descriptor: \[HIV\] explode all trees\#3hiv or hiv‐1\* or hiv‐2\* or hiv1 or hiv2 or (hiv near infect\*) or (human immunodeficiency virus) or (human immunedeficiency virus) or (human immune‐deficiency virus) or (human immuno‐deficiency virus) or (human immune deficiency virus) or (human immuno deficiency virus) or (acquired immunodeficiency syndrome) or (acquired immunedeficiency syndrome) or (acquired immuno‐deficiency syndrome) or (acquired immune‐deficiency syndrome) or (acquired immun\* deficiency syndrome)\#4MeSH descriptor: \[Lymphoma, AIDS‐Related\] this term only\#5MeSH descriptor: \[Sexually Transmitted Diseases, Viral\] this term only\#6\#1 or \#2 or \#3 or \#4 or \#5\#7\[mh \^genotype\] or genotype:ti,ab,kw or \[mh \"genotypic techniques\"\] or genotypic:ti,ab,kw or genotyping:ti,ab,kw or genotypical:ti,ab,kw (Word variations have been searched)\#8\[mh \^phenotype\] or phenotype:ti,ab,kw or phenotypic:ti,ab,kw or phenotyping:ti,ab,kw or phenotypical:ti,ab,kw (Word variations have been searched)\#9(resistance or resistant):ti,ab,kw (Word variations have been searched)\#10\#7 or \#8 or \#9\#11(test or tests or tested or testing or assay or assays):ti,ab,kw (Word variations have been searched)\#12\#10 and \#11\#13\[mh \"drug resistance\"\] or resistance:ti,ab,kw or resistant:ti,ab,kw (Word variations have been searched)\#14\#6 and \#12 and \#13 Publication Year from 1989 to xxx, in Trials

**SearchQuery**\#11Search (((\#1 AND \#7 AND \#8 AND \#9))) AND (\"1989/01/01\"\[Date ‐ Publication\] : \"xxxx/xx/xx\"\[Date ‐ Publication\])\#10Search (\#1 AND \#7 AND \#8 AND \#9)\#9Search (randomized controlled trial \[pt\] OR controlled clinical trial \[pt\] OR randomized \[tiab\] OR placebo \[tiab\] OR drug therapy \[sh\] OR randomly \[tiab\] OR trial \[tiab\] OR groups \[tiab\] OR cohort studies\[mh:noexp\] OR cohort\[tiab\] OR longitudinal studies\[mh:noexp\] OR longitudinal\[tiab\] OR follow‐up studies\[mh:noexp\] OR follow‐up\[tiab\] OR followup\[tiab\] OR prospective studies\[mh:noexp\] OR prospective\[tiab\] OR retrospective studies\[mh:noexp\] OR retrospective\[tiab\] OR epidemiologic studies\[mh:noexp\]) NOT (animals \[mh\] NOT humans \[mh\])\#8Search (drug resistance\[mh\] OR resistance\[tiab\] OR resistant\[tiab\])\#7Search (\#5 AND \#6)\#6Search (test\[tiab\] OR tests\[tiab\] OR testing\[tiab\] OR tested\[tiab\] OR assay\[tiab\] OR assays\[tiab\])\#5Search (\#2 OR \#3 OR \#4)\#4Search (resistance\[tiab\] OR resistant\[tiab\])\#3Search (phenotype\[mh:noexp\] OR phenotype\[tiab\] OR phenotypic\[tiab\] OR phenotyping\[tiab\] OR phenotypical\[tiab\])\#2Search (genotype\[mh:noexp\] OR genotypic techniques\[mh\] genotype\[tiab\] OR genotypic\[tiab\] OR genotyping\[tiab\] OR genotypical\[tiab\])\#1Search (HIV Infections\[MeSH\] OR HIV\[MeSH\] OR hiv\[tiab\] OR hiv‐1\*\[tiab\] OR hiv‐2\*\[tiab\] OR hiv1\[tiab\] OR hiv2\[tiab\] OR hiv infect\*\[tiab\] OR human immunodeficiency virus\[tiab\] OR human immunedeficiency virus\[tiab\] OR human immuno‐deficiency virus\[tiab\] OR human immune‐deficiency virus\[tiab\] OR ((human immun\*\[tiab\]) AND (deficiency virus\[tiab\])) OR acquired immunodeficiency syndrome\[tiab\] OR acquired immunedeficiency syndrome\[tiab\] OR acquired immuno‐deficiency syndrome\[tiab\] OR acquired immune‐deficiency syndrome\[tiab\] OR ((acquired immun\*\[tiab\]) AND (deficiency syndrome\[tiab\]))

**No.Query**\#17\#1 AND \#7 AND \#8 AND \#16\#16\#11 NOT \#15\#15\#12 NOT \#14\#14\#12 AND \#13\#13\'human\'/de OR \'normal human\'/de OR \'human cell\'/de\#12\'animal\'/de OR \'animal experiment\'/de OR \'invertebrate\'/de OR \'animal tissue\'/de OR \'animal cell\'/de OR \'nonhuman\'/de\#11\#9 OR \#10\#10\'randomized controlled trial\'/de OR \'randomized controlled trial\' OR random\*:ab,ti OR trial:ti OR allocat\*:ab,ti OR factorial\*:ab,ti OR placebo\*:ab,ti OR assign\*:ab,ti OR volunteer\*:ab,ti OR \'crossover procedure\'/de OR \'crossover procedure\' OR \'double‐blind procedure\'/de OR \'double‐blind procedure\' OR \'single‐blind procedure\'/de OR \'single‐blind procedure\' OR (doubl\* NEAR/3 blind\*):ab,ti OR (singl\*:ab,ti AND blind\*:ab,ti) OR crossover\*:ab,ti OR cross+over\*:ab,ti OR (cross NEXT/1 over\*):ab,ti\#9\'prospective study\'/de OR prospective:ab,ti OR \'cohort analysis\'/de OR cohort:ab,ti OR \'longitudinal study\' OR longitudinal:ab,ti OR \'experimental design\'/de OR \'retrospective study\'/de OR retrospective:ab,ti OR \'follow up\'/de OR \'follow+up\':ab,ti OR followup:ab,ti\#8\'drug resistance\'/exp OR resistance:ab,ti OR resistant:ab,ti\#7\#5 AND \#6\#6test:ab,ti OR tests:ab,ti OR testing:ab,ti OR tested:ab,ti OR assay:ab,ti OR assays:ab,ti\#5\#2 OR \#3 OR \#4\#4resistance:ab,ti OR resistant:ab,ti\#3\'phenotype\'/de OR phenotype:ab,ti OR phenotypic:ab,ti OR phenotyping:ab,ti OR genotypical:ab,ti\#2\'genotyping technique\'/de OR genotype:ab,ti OR genotypic:ab,ti OR genotyping:ab,ti OR genotypical:ab,ti\#1\'human immunodeficiency virus infection\'/exp OR \'human immunodeficiency virus\'/exp OR \'human immunodeficiency virus\':ab,ti OR \'human immuno+deficiency virus\':ab,ti OR \'human immunedeficiency virus\':ab,ti OR \'human immune+deficiency virus\':ab,ti OR hiv:ab,ti OR \'hiv‐1\':ab,ti OR \'hiv‐2\':ab,ti OR \'acquired immunodeficiency syndrome\':ab,ti OR \'acquired immuno+deficiency syndrome\':ab,ti OR \'acquired immunedeficiency syndrome\':ab,ti OR \'acquired immune+deficiency syndrome\':ab,ti

**DomainDescriptionReview authors' judgementSequence generation**Describe the method used to generate the allocation sequence in sufficient detail to allow an assessment of whether it should produce comparable groups.Was the allocation sequence adequately generated?**Allocation concealment**Describe the method used to conceal the allocation sequence in sufficient detail to determine whether intervention allocations could have been foreseen in advance of, or during, enrolment.Was allocation adequately concealed?**Blinding of participants, personnel, and outcome assessors**   Assessments should be made for each main outcome (or class of outcomes)Describe all measures used, if any, to blind study participants and personnel from knowledge of which intervention a participant received. Provide any information related to whether the intended blinding was effective.Was knowledge of the allocated intervention adequately prevented during the study?**Incomplete outcome data**   Assessments should be made for each main outcome (or class of outcomes)Describe the completeness of outcome data for each main outcome, including attrition and exclusions from analysis. State whether attrition and exclusions were reported, the numbers in each intervention group (compared with total randomized participants), reasons for attrition/exclusions when reported, and any re‐inclusions in analyses performed by the review authors.Were incomplete outcome data adequately addressed?**Selective outcome reporting**State how the possibility of selective outcome reporting was examined by the review authors and what was found.Are reports of the study free of the suggestion of selective outcome reporting?**Other sources of bias**State any important concerns about bias not addressed in the other domains in the tool.\
If particular questions/entries were prespecified in the review protocol, responses should be provided for each question/entry.Was the study apparently free of other problems that could put it at high risk of bias?

###### Resistance testing (RT) versus no RT

  Outcome or subgroup title                                           No. of studies   No. of participants   Statistical method                     Effect size
  ------------------------------------------------------------------- ---------------- --------------------- -------------------------------------- ------------------------
  [1 Mortality](#CD006495-fig-00101){ref-type="fig"}                  5                1140                  Odds Ratio (M‐H, Random, 95% CI)       0.89 \[0.36, 2.22\]
  [2 Virological failure](#CD006495-fig-00102){ref-type="fig"}        10               1728                  Odds Ratio (M‐H, Random, 95% CI)       0.70 \[0.56, 0.87\]
  [3 Change in CD4 cell count](#CD006495-fig-00103){ref-type="fig"}   7                1349                  Mean Difference (IV, Random, 95% CI)   1.00 \[‐12.49, 10.50\]
  [4 Progression to AIDS](#CD006495-fig-00104){ref-type="fig"}        3                809                   Odds Ratio (M‐H, Random, 95% CI)       0.64 \[0.31, 1.29\]
  [5 Adverse events](#CD006495-fig-00105){ref-type="fig"}             4                808                   Odds Ratio (M‐H, Random, 95% CI)       0.89 \[0.51, 1.55\]
  [6 Change in viral load](#CD006495-fig-00106){ref-type="fig"}       10               1837                  Mean Difference (IV, Random, 95% CI)   ‐0.23 \[‐0.35, ‐0.11\]

![Analysis\
Comparison 1 Resistance testing (RT) versus no RT, Outcome 1 Mortality.](nCD006495-CMP-001-01){#CD006495-fig-00101}

![Analysis\
Comparison 1 Resistance testing (RT) versus no RT, Outcome 2 Virological failure.](nCD006495-CMP-001-02){#CD006495-fig-00102}

![Analysis\
Comparison 1 Resistance testing (RT) versus no RT, Outcome 3 Change in CD4 cell count.](nCD006495-CMP-001-03){#CD006495-fig-00103}

![Analysis\
Comparison 1 Resistance testing (RT) versus no RT, Outcome 4 Progression to AIDS.](nCD006495-CMP-001-04){#CD006495-fig-00104}

![Analysis\
Comparison 1 Resistance testing (RT) versus no RT, Outcome 5 Adverse events.](nCD006495-CMP-001-05){#CD006495-fig-00105}

![Analysis\
Comparison 1 Resistance testing (RT) versus no RT, Outcome 6 Change in viral load.](nCD006495-CMP-001-06){#CD006495-fig-00106}

###### RT versus no RT: subgroup analyses for type of RT

  Outcome or subgroup title                                      No. of studies   No. of participants   Statistical method                 Effect size
  -------------------------------------------------------------- ---------------- --------------------- ---------------------------------- ---------------------
  [1 Mortality](#CD006495-fig-00201){ref-type="fig"}             5                1537                  Odds Ratio (M‐H, Random, 95% CI)   0.86 \[0.37, 1.99\]
  1.1 Genotype                                                   5                890                   Odds Ratio (M‐H, Random, 95% CI)   0.85 \[0.33, 2.21\]
  1.2 Phenotype                                                  2                647                   Odds Ratio (M‐H, Random, 95% CI)   0.86 \[0.14, 5.35\]
  [2 Virological failure](#CD006495-fig-00202){ref-type="fig"}   10               1601                  Odds Ratio (M‐H, Random, 95% CI)   0.68 \[0.55, 0.85\]
  2.1 Genotype                                                   8                1230                  Odds Ratio (M‐H, Random, 95% CI)   0.67 \[0.52, 0.87\]
  2.2 Phenotype                                                  3                371                   Odds Ratio (M‐H, Random, 95% CI)   0.72 \[0.45, 1.17\]

![Analysis\
Comparison 2 RT versus no RT: subgroup analyses for type of RT, Outcome 1 Mortality.](nCD006495-CMP-002-01){#CD006495-fig-00201}

![Analysis\
Comparison 2 RT versus no RT: subgroup analyses for type of RT, Outcome 2 Virological failure.](nCD006495-CMP-002-02){#CD006495-fig-00202}

###### RT versus no RT: subgroup analyses for expert advice

  Outcome or subgroup title                                      No. of studies   No. of participants   Statistical method                 Effect size
  -------------------------------------------------------------- ---------------- --------------------- ---------------------------------- ----------------------
  [1 Mortality](#CD006495-fig-00301){ref-type="fig"}             5                1140                  Odds Ratio (M‐H, Random, 95% CI)   0.89 \[0.36, 2.22\]
  1.1 Expert advice                                              1                153                   Odds Ratio (M‐H, Random, 95% CI)   0.96 \[0.06, 15.65\]
  1.2 No expert advice                                           4                987                   Odds Ratio (M‐H, Random, 95% CI)   0.88 \[0.33, 2.32\]
  [2 Virological failure](#CD006495-fig-00302){ref-type="fig"}   10               1728                  Odds Ratio (M‐H, Random, 95% CI)   0.70 \[0.56, 0.87\]
  2.1 Expert advice                                              3                600                   Odds Ratio (M‐H, Random, 95% CI)   0.59 \[0.41, 0.83\]
  2.2 No expert advice                                           7                1128                  Odds Ratio (M‐H, Random, 95% CI)   0.77 \[0.57, 1.04\]

![Analysis\
Comparison 3 RT versus no RT: subgroup analyses for expert advice, Outcome 1 Mortality.](nCD006495-CMP-003-01){#CD006495-fig-00301}

![Analysis\
Comparison 3 RT versus no RT: subgroup analyses for expert advice, Outcome 2 Virological failure.](nCD006495-CMP-003-02){#CD006495-fig-00302}

###### RT versus no RT: subgroup analyses for age

  Outcome or subgroup title                                      No. of studies   No. of participants   Statistical method                 Effect size
  -------------------------------------------------------------- ---------------- --------------------- ---------------------------------- ---------------------
  [1 Mortality](#CD006495-fig-00401){ref-type="fig"}             5                1140                  Odds Ratio (M‐H, Random, 95% CI)   0.89 \[0.36, 2.22\]
  1.1 Children                                                   1                164                   Odds Ratio (M‐H, Random, 95% CI)   0.74 \[0.16, 3.42\]
  1.2 Adults                                                     4                976                   Odds Ratio (M‐H, Random, 95% CI)   0.99 \[0.31, 3.09\]
  [2 Virological failure](#CD006495-fig-00402){ref-type="fig"}   10               1728                  Odds Ratio (M‐H, Random, 95% CI)   0.70 \[0.56, 0.87\]
  2.1 Children                                                   2                209                   Odds Ratio (M‐H, Random, 95% CI)   0.98 \[0.56, 1.71\]
  2.2 Adults                                                     8                1519                  Odds Ratio (M‐H, Random, 95% CI)   0.66 \[0.52, 0.84\]

![Analysis\
Comparison 4 RT versus no RT: subgroup analyses for age, Outcome 1 Mortality.](nCD006495-CMP-004-01){#CD006495-fig-00401}

![Analysis\
Comparison 4 RT versus no RT: subgroup analyses for age, Outcome 2 Virological failure.](nCD006495-CMP-004-02){#CD006495-fig-00402}

###### RT versus no RT: sensitivity analyses for risk of bias (RoB)

  Outcome or subgroup title                                      No. of studies   No. of participants   Statistical method                 Effect size
  -------------------------------------------------------------- ---------------- --------------------- ---------------------------------- ----------------------
  [1 Mortality](#CD006495-fig-00501){ref-type="fig"}             5                                      Odds Ratio (M‐H, Random, 95% CI)   Subtotals only
  1.1 Low RoB                                                    4                945                   Odds Ratio (M‐H, Random, 95% CI)   0.83 \[0.30, 2.24\]
  1.2 High or unclear RoB                                        1                195                   Odds Ratio (M‐H, Random, 95% CI)   1.31 \[0.13, 12.84\]
  [2 Virological failure](#CD006495-fig-00502){ref-type="fig"}   10                                     Odds Ratio (M‐H, Random, 95% CI)   Subtotals only
  2.1 Low RoB                                                    5                1106                  Odds Ratio (M‐H, Random, 95% CI)   0.66 \[0.47, 0.92\]
  2.2 High or unclear RoB                                        5                622                   Odds Ratio (M‐H, Random, 95% CI)   0.76 \[0.55, 1.07\]

![Analysis\
Comparison 5 RT versus no RT: sensitivity analyses for risk of bias (RoB), Outcome 1 Mortality.](nCD006495-CMP-005-01){#CD006495-fig-00501}

![Analysis\
Comparison 5 RT versus no RT: sensitivity analyses for risk of bias (RoB), Outcome 2 Virological failure.](nCD006495-CMP-005-02){#CD006495-fig-00502}

Characteristics of included studies \[ordered by study ID\] {#CD006495-sec2-0021}
===========================================================

[Baxter 2000](#CD006495-bbs2-0001){ref-type="ref-list"}MethodsA prospective randomized multi‐centre community‐based controlled trial at the Terry Beirn Community Programs for Clinical Research on AIDS (CPCRA) and the Walter Reed Army Medical Center in the USAParticipants153 participants\
Inclusion criteria: at least 13 years old; experiencing virological failure on combination antiretroviral regimen containing a single protease inhibitor and 2 nucleoside reverse transcriptase inhibitors\
Exclusion criteria: use of an antiretroviral drug other than those in the qualifying regimen in the 16 weeks before the baseline visit; had access to previous genotypic or phenotypic test resultsInterventionsIntervention: genotypic antiretroviral resistance testing (GART) (i.e. treatment choices based on the GART report, which included mutations identified; interpretation of drug susceptibilities, and treatment suggestions)\
Control: no GART (i.e. treatment choices made without any input)OutcomesMorality, virological success (\< 500 copies/mL), change in viral load, change in CD4 cell count, adverse events\
Follow‐up: 12 weeks.NotesAll participants provided informed consent for this study.\
This study was funded by the National Institute of Allergy and Infectious Diseases (NIAID).***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Low riskParticipants were allocated via a stratified randomization schedule with permuted blocks.Allocation concealment (selection bias)Low riskCentral location randomization was conducted and was communicated to the investigators.Blinding of participants and personnel (performance bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Blinding of outcome assessment (detection bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Incomplete outcome data (attrition bias)   All outcomesLow riskLosses to follow‐up were balanced between groups. Trial authors performed ITT analyses.Selective reporting (reporting bias)Low riskTrial authors reported all outcomes of interest.Other biasLow riskWe found no other sources of bias.Overall risk assessmentLow riskWe had no serious risk of bias concerns.[Cingolani 2002](#CD006495-bbs2-0002){ref-type="ref-list"}MethodsA randomized open controlled single‐centre study in ItalyParticipants174 participants\
Inclusion: at least 2 months on concomitant use of ≥ 3 antiretroviral agents and (1) a plasma viral load \> 2000 copies/mL in at least 2 consecutive determinations; or (2) \< 1 log reduction of HIV RNA more than 2 months after the start of the last regimenInterventionsIntervention: genotypic resistance assay (i.e. treatment decisions based on the standard of care with additional information on a genotypic resistance assay and expert advice)\
Control: standard of care (SOC) (i.e. treatment decisions based on evaluation of treatment history, clinical picture, and standard immunological and virological parameters)OutcomesVirological success (\< 500 copies/mL), change in viral load, change in CD4 cell count\
Follow‐up: 12 weeksNotesAll participants provided informed consent.\
This study was funded by the National Research Program on AIDS, National Institute of Health, as part of the Research Project on Pathology, Clinics, and Therapeutics, with funds from the Institute for Research and Health Care, Italian Minister of Health, Italy.\
Trial acronym: ARGENTA (AntiRetroviral Genotypic resistance and patiENT‐reported Adherence)***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Unclear riskThe method of randomization is not reported.Allocation concealment (selection bias)Unclear riskNo information on allocation concealment is reported.Blinding of participants and personnel (performance bias)   All outcomesLow riskThis was an open‐label study (knowledge of allocation is unlikely to introduce bias).Blinding of outcome assessment (detection bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Incomplete outcome data (attrition bias)   All outcomesLow riskFollow‐up was balanced between groups. Trial authors performed ITT analyses.Selective reporting (reporting bias)Low riskTrial authors reported all outcomes of interest.Other biasLow riskWe found no other sources of bias.Overall risk assessmentUnclear riskRisk is due to the uncertainties raised above.[Cohen 2002](#CD006495-bbs2-0003){ref-type="ref-list"}MethodsA prospective open‐label randomized controlled clinical trial conducted at 25 university and private practice centres in the USAParticipants272 participants\
Inclusion: at least 13 years of age; documented HIV‐1 infection; HIV‐ 1‐RNA plasma levels ≥ 2000 copies/mL; antiretroviral experience; experiencing virological failure on antiretroviral treatment consisting of ≥ 2 NRTIs and only 1 PI, taken for at least 1 month before screening\
Exclusion: history of alcohol or drug use judged as likely to interfere with therapy; previous phenotypic resistance testing; had participated in an antiretroviral drug trial within 30 days of selection or during the trial; had a life expectancy \< 6 months; had disease that could interfere with assessments\
NB: Patients with previous NNRTI therapy were later allowed to participate.InterventionsIntervention: phenotypic resistance testing (PRT) (i.e. antiretroviral regimens chosen with PRT and external expert advice coupled with access to published treatment guidelines and participants\' treatment histories)\
Control: standard of care (SOC) (i.e. antiretroviral regimens chosen on the basis of access to published treatment guidelines and participants\' treatment histories)OutcomesVirological success (\< 400 copies/mL), change in viral load, change in CD4 cell count\
Follow‐up: 16 weeksNotesAll participants provided informed consent.\
Study was funded by Glaxo Wellcome, Inc. (primary) and Virco NV.***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Low riskParticipants were randomly assigned to intervention and control groups.Allocation concealment (selection bias)Low riskCentrally located randomization was used with block size of 4.Blinding of participants and personnel (performance bias)   All outcomesLow riskArm assignments were not blinded (knowledge of allocation is unlikely to introduce bias).Blinding of outcome assessment (detection bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Incomplete outcome data (attrition bias)   All outcomesLow riskLosses to follow‐up were balanced between groups. Trial authors performed ITT analyses.Selective reporting (reporting bias)Low riskTrial authors reported all outcomes of interest.Other biasHigh riskStudy was supported by manufacturers of resistance tests.Overall risk assessmentHigh riskRisk is due to the uncertainties raised above.[Dunn 2005](#CD006495-bbs2-0004){ref-type="ref-list"}MethodsA 2‐part multi‐centre randomized trial (part B included patients for whom the clinician perceived he/she was unable to select a potent regimen with a resistance test; part A included patients for whom the clinician perceived he/she was able to select a potent regimen of 3 or more drugs without a resistance test ‐ only data from part A used hereParticipantsInclusion: decision had been made to switch ART as a consequence of virological failure, provided the most recent HIV‐1 RNA plasma viral load (VL) exceeded 2000 copies/mL\
Exclusion: not reportedInterventionsIntervention: centralized genotypic resistance testing (i.e. a report that showed key drug‐associated mutations and classified each drug as "no evidence of resistance", "resistance possible", or "evidence of resistance\")\
Control: no genotypic resistance testingOutcomesChange in viral load, virological success (\< 50 copies/mL), change in CD4 cell count\
Follow‐up: 52 weeksNotesAll participants provided informed consent.\
This study was funded by the NHS London Regional Office, Research and Development Programme. VIRCO (Mechelen, Belgium) provided resistance testing and transport of plasma samples to Belgium.\
Trial acronym: ERA (Evaluation of Resistance Assays)***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Unclear riskMethod of randomization was not reported.Allocation concealment (selection bias)Unclear riskTrial authors did not report this information.Blinding of participants and personnel (performance bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Blinding of outcome assessment (detection bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Incomplete outcome data (attrition bias)   All outcomesLow riskFollow‐up was balanced between groups. Trial authors performed ITT analyses.Selective reporting (reporting bias)Low riskTrial authors reported all outcomes of interest.Other biasLow riskWe found no other sources of bias.Overall risk assessmentUnclear riskRisk is due to the uncertainties raised above.[Durant 1999](#CD006495-bbs2-0005){ref-type="ref-list"}MethodsA prospective open randomized controlled study in 3 hospitals in southern FranceParticipants108 participants\
Inclusion: older than 18 years of age, Karnofsky score \> 50 and plasma HIV‐1 RNA \> 10,000 copies/mL despite at least 6 months of treatment with nucleoside analogues and at least 3 months of treatment with a protease inhibitor\
Exclusion: foreseeable non‐compliance; haemoglobin concentration \< 6 mmol/L; absolute neutrophil count \< 0·8 × 10⁹/L; creatinine concentration \> 200 μmol/L; liver aminotransferase values \> 5 times the normal upper limitInterventionsIntervention: genotypic resistance testing (i.e. treatment adapted with knowledge of genotypic test)\
Control: treatment based on current optimal care, according to published guidelinesOutcomesChange in viral load, virological success (\< 200 copies/mL), change in CD4 count\
Follow‐up: 24 weeksNotesAll participants provided informed consent.\
Funding was not reported.\
Trial acronym: VIRADAPT (antiretroVIRal ADAPTation)***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Low riskParticipants were randomly allocated to intervention or control by permutation table in blocks of 6.Allocation concealment (selection bias)Low riskAllocation was concealed via opaque sealed envelopes.Blinding of participants and personnel (performance bias)   All outcomesLow riskThis was an open‐label study (knowledge of the allocation is unlikely to introduce bias).Blinding of outcome assessment (detection bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Incomplete outcome data (attrition bias)   All outcomesLow riskFollow‐up was balanced between groups. Trial authors performed ITT analyses.Selective reporting (reporting bias)Low riskTrial authors reported all outcomes of interest.Other biasUnclear riskFunding was not reported.Overall risk assessmentLow riskWe had no serious risk of bias concerns.[Green 2006](#CD006495-bbs2-0006){ref-type="ref-list"}MethodsAn open randomized 2‐arm parallel‐group multi‐centre trial in UK and FranceParticipants170 participants\
Inclusion: children 3 months to 18 years of age switching ART owing to virological failure, with their most recent HIV‐1 RNA plasma viral load \> 2000 copies/mL\
Exclusion: exposure to only 2 or 3 nucleoside reverse transcriptase inhibitors (NRTIs) for \< 2 years; changed ART in the last month before randomization; resistance test previously performed on the current regimen; paediatricians and primary caregivers unwilling to wait for a resistance test result before switching therapyInterventionsIntervention: genotypic resistance test\
Control: no genotypic resistance testOutcomesChange in viral load, virological success (\< 50 copies/mL), change in CD4 count\
Follow‐up: 96 weeksNotesAll primary caregivers gave written consent to participate; additional written assent was obtained from children, when appropriate, according to their age and knowledge of their HIV status\
Funding/support: European Commission, supported by BIOMED 2; The Medical ResearchCouncil; The Agence Nationale de Recherche sur le Sida (ANRS); Istituto Superiore di Sanità ‐ Progetto Terapia Antivirale; Comunidad Autonoma de Madrid, Spain. PENTA activities are also supported by the PENTA Foundation. VIRCO (Mechelen, Begium) provided resistance testing and transport of plasma samples to Belgium.\
Trial acronym: PERA (PENTA 8) Paediatric Evaluation of Resistance Assays (Paediatric European Network for the Treatment of AIDS)***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Low riskParticipants were randomly allocated to intervention or control groups, stratified by previous use of resistance testing and study centre.Allocation concealment (selection bias)Low riskCentral location randomization was conducted and was communicated by phone or fax.Blinding of participants and personnel (performance bias)   All outcomesLow riskThis was an open‐label trial (knowledge of the allocation is unlikely to introduce bias).Blinding of outcome assessment (detection bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Incomplete outcome data (attrition bias)   All outcomesLow riskLosses to follow‐up were balanced between groups. Trial authors performed ITT analyses.Selective reporting (reporting bias)Low riskAll relevant outcome were reported.Other biasLow riskWe found no other sources of bias.Overall risk assessmentLow riskWe had no serious risk of bias concerns.[Haubrich 2005](#CD006495-bbs2-0007){ref-type="ref-list"}MethodsA 7‐centre 2‐arm randomized clinical trial in the USAParticipants238 participants\
Inclusion: at least 6 months of previous ART; exposure to no more than 2 prior protease inhibitors (PIs); failure of the current regimen (defined as HIV RNA \> 400 copies/mL); a stable regimen (defined as no change for at least 4 weeks before screening)\
Exclusion: acute infections; active cancers; a resistance assay performed within 6 months; involvement in another investigational study that dictated the regimenInterventionsIntervention: phenotypic testing (PHENO) (i.e. a phenotypic test in addition to a structured clinical history; standard of care (SOC) to guide selection of new and subsequent regimens)\
Control: a structured clinical history (SOC) guiding selection of new and subsequent regimensOutcomesChange in viral load, virological success (\< 400 copies/mL)\
Follow‐up: 52 weeksNotesAll participants provided informed consent.\
Funding: California University‐wide AIDS Research Program (UARP), UCSD Center for AIDS Research (CFAR), ViroLogic Inc., National Institutes of Health, and the Research Center for AIDS and HIV Infection of the San Diego Veterans Affairs Healthcare System\
Trial acronym: CCTG (California Collaborative Treatment Group) 575***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Unclear riskMethod of randomization was not reported.Allocation concealment (selection bias)Low riskRandomization was performed centrally.Blinding of participants and personnel (performance bias)   All outcomesLow riskThis was an open‐label study (knowledge of allocation is unlikely to introduce bias).Blinding of outcome assessment (detection bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Incomplete outcome data (attrition bias)   All outcomesUnclear riskLosses to follow‐up were considerable and were unbalanced between groups (21% versus 31%). Trial authors performed ITT analyses.Selective reporting (reporting bias)Low riskTrial authors reported all relevant outcomes.Other biasLow riskWe found no other sources of bias.Overall risk assessmentUnclear riskRisk is due to the uncertainties raised above.[Meynard 2002](#CD006495-bbs2-0008){ref-type="ref-list"}MethodsA multi‐centre randomized trial in FranceParticipants541 participants\
Inclusion: plasma HIV‐1 RNA 1000 copies/mL; previous exposure to at least 1 protease inhibitor (PI) for at least 3 months; unchanged antiretroviral regimen for the 2 preceding months; over 18 years of age; Karnofsky score \> 70%\
Exclusion: active opportunistic infection; previous resistance testing; estimated poor adherence; blood haemoglobin \< 8 g/dL; blood neutrophils \< 750 × 10⁶/L; serum creatinine \> 150 µmol/L; serum amylase \> 3 times the upper limit of normal; liver aminotransferase values \> 5 times the upper limit of normalInterventionsIntervention 1: phenotyping (P) arm in which the treatment choice was guided by a phenotypic test\
Intervention 2: genotyping (G) arm in which the treatment choice was guided by a genotypic test\
Control: standard of care (SOC) arm in which treatment was chosen by the clinicianOutcomesVirological success (\< 200 copies and \< 20 copies/mL), change in viral load, change in CD4 count\
Follow‐up: 36 weeksNotesAll participants provided informed consent.\
Funding: Agence Nationale de Recherche sur le Sida, Glaxo Wellcome, Abbott, Dupont‐Pharma, and Visible Genetics***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Unclear riskMethod of randomization was not reported.Allocation concealment (selection bias)Low riskArm assignments were revealed only to the investigator and patients at day 0.Blinding of participants and personnel (performance bias)   All outcomesLow riskThis was an open‐label study (knowledge of allocation is unlikely to introduce bias).Blinding of outcome assessment (detection bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Incomplete outcome data (attrition bias)   All outcomesLow riskLosses to follow‐up were balanced across groups but were considerable (\> 20%).Selective reporting (reporting bias)Low riskTrial authors reported all outcomes of interest.Other biasLow riskWe found no other sources of bias.Overall risk assessmentLow riskWe had no serious risk of bias concerns.[Rubini 2002](#CD006495-bbs2-0009){ref-type="ref-list"}MethodsA prospective randomized study in BrazilParticipants49 participants\
Inclusion criteria: children and adolescents previously exposed to at least 2 ART treatment regimens and to failing therapy\
Exclusion criteria: not reportedInterventionsIntervention: therapy switch was based on genotypic resistance testing (genotypic group; GG)\
Control: therapy switch was based on the physician\'s clinical experience (control group; CG)OutcomesTreatment success, change in viral loadNotesConsent procedures were not reported.\
Funding was not reported.\
This study was published as an abstract.***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Unclear riskMethod of randomization was not reported.Allocation concealment (selection bias)Unclear riskNo information was provided.Blinding of participants and personnel (performance bias)   All outcomesLow riskNo information was provided.Blinding of outcome assessment (detection bias)   All outcomesLow riskNo information was provided.Incomplete outcome data (attrition bias)   All outcomesUnclear risk10.2% were excluded for compliance or toxicity. Data were not reported by group.Selective reporting (reporting bias)Low riskTwo key outcomes were reported.Other biasUnclear riskWe found no other sources of bias.Overall risk assessmentUnclear riskRisk is due to the uncertainties raised above.[Tural 2002](#CD006495-bbs2-0010){ref-type="ref-list"}MethodsA randomized open‐label multi‐centre factorial design trial at 13 hospitals in 10 cities in SpainParticipants326 participants\
Inclusion: plasma RNA \> 1000 copies/mL, on stable ART combination for longer than 6 months\
Exclusion: substantial antiretroviral‐related adverse events history, poor adherence or active drug abuse reported by the treating physicianInterventionsIntervention 1: genotyping without expert advice (G+/EA‐)\
Intervention 2: genotyping and expert advice (G+/EA+)\
Intervention 3: no genotyping with expert advice (G‐/EA+)\
Control: no genotyping and no expert advice (G‐/EA‐)OutcomesVirological success (\< 400 copies/mL), change in viral loadNotesAll participants provided informed consent.\
Funding: Visible Genetics\
Trial acronym: Havana***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Unclear riskMethod of randomization was not reported.Allocation concealment (selection bias)Low riskCentral location randomization was conducted.Blinding of participants and personnel (performance bias)   All outcomesLow riskThis was an open‐label study (knowledge of allocation is unlikely to introduce bias).Blinding of outcome assessment (detection bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Incomplete outcome data (attrition bias)   All outcomesLow riskLosses to follow‐up were balanced between groups. Trial authors performed ITT analyses.Selective reporting (reporting bias)Low riskAll relevant outcomes were reported.Other biasLow riskWe found no other sources of bias.Overall risk assessmentLow riskWe had no serious risk of bias concerns.[Wegner 2004](#CD006495-bbs2-0011){ref-type="ref-list"}MethodsA prospective randomized 3‐arm multi‐centre clinical trial at 6 military hospitals in the USAParticipants450 participants\
Inclusion: at least 18 years of age, receiving a stable ART regimen containing ≥ 2 drugs for at least 8 weeks before randomization, able to provide informed consent, willing to attend regular study visits\
Exclusion: not reportedInterventionsIntervention 1: routine access to phenotype testing (PT)\
Intervention 2: routine access to genotype testing (GT)\
Control: no access to resistance testing (VB)OutcomesTreatment failure, discontinuationNotesAll participants provided informed consent.\
Funding: US Army Medical Research and Material Command and the Henry M. Jackson Foundation for the Advancement of Military Medicine***Risk of bias*BiasAuthors\' judgementSupport for judgement**Random sequence generation (selection bias)Unclear riskMethod of randomization was not reported.Allocation concealment (selection bias)Low riskThe randomization procedure was centrally located.Blinding of participants and personnel (performance bias)   All outcomesLow riskThis was an open‐label study (knowledge of allocation is unlikely to introduce bias).Blinding of outcome assessment (detection bias)   All outcomesLow riskTrial authors did not report this information (knowledge of allocation is unlikely to introduce bias).Incomplete outcome data (attrition bias)   All outcomesHigh riskLosses to follow‐up were balanced between groups but were considerable (\> 65%).Selective reporting (reporting bias)High riskOnly treatment failure and discontinuation were reported.Other biasLow riskWe found no other sources of bias.Overall risk assessmentHigh riskRisk is due to the uncertainties raised above.[^1]

Characteristics of excluded studies \[ordered by study ID\] {#CD006495-sec2-0022}
===========================================================

StudyReason for exclusion[Badri 2003](#CD006495-bbs2-0012){ref-type="ref-list"}Retrospective evaluation of a RCT[Bonjoch 2008](#CD006495-bbs2-0013){ref-type="ref-list"}No genotypic or phenotypic guided therapy[Bossi 2004](#CD006495-bbs2-0014){ref-type="ref-list"}Genotypic guided therapy in both arms[Clevenbergh 2000](#CD006495-bbs2-0015){ref-type="ref-list"}Genotypic guided therapy in both arms[Clevenbergh 2002](#CD006495-bbs2-0016){ref-type="ref-list"}Secondary analysis[De Luca 2006](#CD006495-bbs2-0017){ref-type="ref-list"}Secondary analysis[Demeter 2008](#CD006495-bbs2-0018){ref-type="ref-list"}No genotypic or phenotypic guided therapy[Dunn 2005a](#CD006495-bbs2-0019){ref-type="ref-list"}Genotypic guided therapy in both arms[Durant 2000](#CD006495-bbs2-0020){ref-type="ref-list"}Secondary analysis[Gianotti 2006](#CD006495-bbs2-0021){ref-type="ref-list"}Genotypic guided therapy in both arms[Hales 2006](#CD006495-bbs2-0022){ref-type="ref-list"}Genotypic guided therapy in both arms[Lorenzana 2012](#CD006495-bbs2-0023){ref-type="ref-list"}No comparison of resistance testing versus no resistance testing[Maggiolo 2007](#CD006495-bbs2-0024){ref-type="ref-list"}No comparison of resistance testing versus no resistance testing[Mazzotta 2003](#CD006495-bbs2-0025){ref-type="ref-list"}Compared genotypic and phenotypic tests versus each other with no control group[Pere 2012](#CD006495-bbs2-0026){ref-type="ref-list"}No comparison of resistance testing versus no resistance testing[Perez‐Elias 2003](#CD006495-bbs2-0027){ref-type="ref-list"}Compared genotypic and phenotypic tests versus each other with no control group[Saracino 2004](#CD006495-bbs2-0028){ref-type="ref-list"}Compared genotypic and phenotypic tests versus each other with no control group[Torti 2005](#CD006495-bbs2-0029){ref-type="ref-list"}Compared genotypic and phenotypic tests versus each other with no control group[Vergne 2003](#CD006495-bbs2-0030){ref-type="ref-list"}No comparison of resistance testing versus no resistance testing[^2]

We chose the cutoff of 20% for missing data to assess the risk of incomplete outcome data (attrition bias). More than 20% loss to follow‐up poses threats to study validity ([Dettori 2011](#CD006495-bbs2-0044){ref-type="ref-list"}). This threshold was not mentioned in the protocol.

We did not plan to report the outcome 'Change in viral load\'. However, it was reported by almost all of the included studies, so we decided to include it in the review.

TJ and TA are co‐first authors, as they contributed equally to this work.

All review authors contributed to the design and conduct of this review, as well as to manuscript drafting and submission. LM, JT, TA, and RS screened articles for inclusion, extracted data, and assessed risk of bias. LM and TA worked on the 'Summary of findings\' tables.
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Center for the Development of Best Practices in Health, Yaoundé Central Hospital, Yaoundé, Cameroon.Provided office space and computer and Internet facilitiesLiverpool School of Tropical Medicine, UK.

External sources {#CD006495-sec2-0020}
================

Aubrey Sheiham Evidence‐Based Health Care in Africa Leadership Award, UK.Financial support for meetings, travels, and capacity buildingDepartment for International Development, UK.Project number 300342‐104

JT has no known conflicts of interest.  TA has no known conflicts of interest.  RS has no known conflicts of interest.  LM has no known conflicts of interest.

[^1]: Abbreviations: ART: antiretroviral therapy; CG: control group; EA: expert advice; G: genotyping; GART: genotypic antiretroviral resistance testing; GG: genotypic group; GT: genotype testing; ITT: intention‐to‐treat; NNRTI: non‐nucleoside reverse transcriptase inhibitor; NRTI: nucleoside reverse transcriptase inhibitor; P: phenotyping; PI: protease inhibitor; PRT: phenotypic resistance testing; PT: phenotype testing; SOC: standard of care; VB: XXX; VL: viral load.

[^2]: Abbreviations: RCT: randomized controlled trial.
